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HIS report is concerned with an outbreak of histoplasmosis in a family of 4 

persons living in Montgomery County, Maryland, within 5 miles of the city 
limits of Washington, D. C. As far as can be determined it is the first outbreak 
to have been detected in that area, although sporadic cases have been seen in 
the District of Columbia hospitals since 1939." 

Presented herein are the case histories and laboratory findings during the 
primary phase of illness and follow-up x-ray, serologic, and skin test studies 
on 3 of the patients, made 414 to 5 years after clinical recovery. The epidemi- 
ologie studies which led to the isolation of Histoplasma capsulatum from chicken 
compost to which the patients were exposed are described in a separate report.’ 


CASE REPORT 

CasE 1.—A 33-year-old white man was admitted to the hospital May 3, 1952, because of 
fever of 10 days’ duration. History revealed that his illness began with nausea, vomiting, 
diarrhea, headache, and generalized malaise. Three days after onset the gastrointestinal symp- 
toms subsided but the headache and malaise persisted. He then noted chills and fever, accom- 
panied by pain over the right lateral chest which was aggravated by deep breathing. Aureo- 
mycin for a period of 2 days was prescribed by his private physician but failed to relieve 
his symptoms. When Terramycin also failed, hospitalization was recommended. 





From the Veterans Administration Hospital, Washington 7, D. C., and the Department 
of Bacteriology, Walter Reed Army Institute of Research, Walter Reed "Army Medical Center, 
Washington 12, D. C. 

Sponsored by the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published are those of the authors and 
do not necessarily reflect the opinion or policy of the Veterans Administration. 

Received for publication Nov. 15, 1956. 


*Present address: Fifth and Market Streets, Morro Bay, Calif. 


831 











832 KOLB AND CAMPBELL J. Lab. & Clin. Med. 
December, 1957 
Physical examination disclosed a well-developed, well-nourished white man who appeared 
acutely ill. His skin was flushed and his temperature was 103° F. His pulse rate was 92 
per minute. He had a blood pressure of 140 systolic and 90 diastolic. There was an exanthem 
over his forehead. His pharynx was injected slightly and a few scattered rales were heard 
throughout both lung fields. There was no cardiomegaly but a Grade 1 apical systolic murmur 
was heard with the pulmonic second sound being greater than the aortic second. A small tender 
lymph node, 0.5 by 0.5 cm. was fel‘. in his left axilla but there was no generalized lymphade- 
nopathy. Examination of the abdomen revealed no masses. The spleen and liver were not en- 
larged. 





Fig. 1.—(Case 1.) Chest x-ray taken 12 days after onset of illness (May 4, 1952) reveals 
nodular and soft infiltrations throughout both lung fields in a miliary fashion. 
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Fig. 2.—(Case 1.) Composite therapy and temperature (maximum for the day) course. 


At the time of admission the hemogram revealed a white blood count of 5,900 with a 
differential of 50 neutrophils, 8 stabs, 45 lymphocytes, 3 monocytes, and 2 eosinophils. The 
corrected sedimentation rate was 32 mm. per hour, the hemoglobin 14 Gm., and the hematocrit 
41 per cent. Urinalysis was negative. Agglutinations for the usual bacterial infections and 
complement fixation tests for syphilis, the psittacosis-lymphogranuloma venereum group of 
viruses, and Q fever were also negative. Bromsulphalein, thymol turbidity, and van den Bergh 
tests all were within normal limits; however, the cephalin flocculation test was 4 plus. Cultures 
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of sputum and aspirated bone marrow were negative for acid-fast bacilli. A chest x-ray taken 
the day after admission revealed nodular and soft infiltrations of a circumscribed nature that 
were diffusely scattered throughout both lung fields in a miliary fashion (ig. 1). 

The patient was isolated and treated supportively until specimens for further laboratory 
tests were obtained. Treatment with Terramycin, as indicated in the composite picture of the 
therapy schedule and temperature course shown in Fig. 2, was started on the second hospital 
day. On the fourth hospital day streptomycin and PAS were also instituted because of the 
miliary appearance of the lung lesions. However, when the patient’s temperature remained 
elevated at 103 to 105° F. through the tenth hospital day, Terramycin was discontinued and 





Fig. 3.—(Case 1.) Chest x-ray taken four months after onset of illness (Aug. 26, 1952) 
shows nodular densities ranging from the minute up to 3 mm. in diameter throughout both lung 
fields. There is no evidence of consolidation, cavitation, or pleural effusion. 


TABLE I. SUMMARY OF SEROLOGIC DETERMINATIONS, CULTURE STUDIES, AND SKIN TESTS IN 
CASE I (FATHER) 











COMPLEMENT FIXATION TITER 





| COLLODION ORGANISM 














YEAST 
PHASE WHOLE AGGLUTINATION | ISOLATED SKIN TEST 
TIME AFTER | SOLUBLE | YEAST HISTO- TITER ( HISTO- FROM WITH HISTO- 
ONSET ANTIGEN | ANTIGEN | PLASMIN PLASMIN ) SPUTUM PLASMIN 
15 days 1:80 me os >1:40 
21 days H. ecapsula- 
tum 
28 days 1:80 = = 1:40 
41 days 1:80 1:64 Negative 1:20 
71 days 1:40 1:32 Negative 1:40 
84 days 1:20 aS = 1:40 
111 days 1:20 1:8 Negative 1:40 
142 days 1:20 a a 1:20 None Positive 
197 days 1:10 ai = 1:40 
43 yr. ~ 1:16 Negative Negative Positive* 





*76 by 35 mm. erythema; 20 by 20 mm. induration. 


Chloromycetin started. Following the second day of therapy with the latter drug, the tempera- 
ture steadily declined to approximately 100° F. and continued at this level for the next 9 
days. At that time, Chloromycetin was discontinued. Penicillin was then given for a period of 
12 days, with a gradual lysis of temperature to 101 to 102° F. (rectal). On the fifty-first 
day of hospitalization the hydrazine derivative of isonicotinic acid, Rimifon (Hoffmann-La 
Roche, Inc.), in doses of 50 mg. three times daily, was also substituted for streptomycin and 
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PAS, and was continued until the time the patient was discharged approximately 7 weeks 
later. The temperature remained at 100.5 to 101° F. (rectal) during the first week of Rimi- 
fon treatment, then fell to normal limits of 99.6° F. Thereafter the patient was afebrile. 

Additional laboratory studies revealed that the patient’s serum which was first tested 
with mycotic antigens on the fifteenth day of illness fixed complement to a dilution of 1:80, 
and had a collodion agglutination titer of 1:40 with antigens of Histoplasma capsulatum. As 
shown in column 1, Table I, complement-fixing antibody was demonstrable at this level with 
the soluble yeast phase antigen through the fourth week of hospitalization, after which the 
titer decreased steadily to 1:10 during the following 4 months. However, the collodion 
agglutination test was still positive in a serum taken approximately 6 months after onset. 
Cultures of a sputum specimen collected 21 days after onset yielded H. capsulatum. On 
the other hand, direct cultures as well as those made from the spleens and livers of Swiss 
albino mice injected with a sputum specimen obtained 444 months after onset were negative 
for this agent. The patient’s skin test was positive to Histoplasmin when this test was 
made during the sixth month of disease. A tuberculin test with second strength P.P.D. 
was also positive while that with the first was negative. In serial chest x-rays from the 
time of admission through the fourth month there was a gradual diminution of the nodular 
densities throughout both lung fields, as revealed by the film taken on Aug. 26, 1952 (Fig. 3). 

The diagnosis of histoplasmosis was supported by clinical symptomatology, isolation 
of H. capsulatum from sputum, significant antibody levels to histoplasma antigens in both 
complement fixation and collodion agglutination tests, a positive skin test reaction to Histo- 
plasmin and roentgenologie evidence of pulmonary infiltration. 


CASE 2.—About one week after the onset of illness in Case 1, that patient’s 32-year-old 
wife, although never hospitalized, became ill. In addition to generalized malaise, her initial 
symptoms were headache, diaphoresis, and anorexia. These were accompanied by tightness 
in the chest and cough productive of purulent sputum, with occasional hemoptysis. There 
was no nausea, vomiting, or diarrhea. Her recovery was uneventful and apparently complete 
within one week, although no specific therapy was prescribed. 


TABLE II, SuMMARy OF SEROLOGIC DETERMINATIONS, CULTURE STUDIES, AND SKIN TESTS IN 
CASE 2 (WIFE) 








COMPLEMENT FIXATION TITER | 














YEAST | COLLODION | ORGANISM 
PHASE WHOLE AGGLUTINATION | ISOLATED | SKIN TEST 
TIME AFTER | SOLUBLE YEAST HISTO- TITER (HISTO- FROM | WITH HISTO- 
ONSET ANTIGEN | ANTIGEN PLASMIN PLASMIN) | SPUTUM | PLASMIN 
10 days 1:5 1:64 Negative 1:40 
15 days H. capsula- 
tum 
24 days Negative AC* AC >1:40 
43 days Negative so ou 1:40 
105 days Negative ‘es i 1:10 None 
191 days Negative 1:32 Negative 1:10 Positive 
44 yr. = 1:8 Negative Negative Positivet 
*AC = Anticomplementary. 


+76 by 76 mm. erythema; 26 by 26 mm. induration. 


As shown in Column 1, Table II, a serum obtained 10 days after onset fixed comple- 
ment to a titer of only 1:5 with histoplasma soluble yeast phase antigen. All others in the 
serial series on this patient were completely negative for complement-fixing antibody. On 
the other hand, the collodion agglutination test was strongly positive in the initial specimen 
as well as in those collected on the twenty-fourth and forty-third days. Following this, 
the reactions with this test gradually became less intense. Cultures of a sputum specimen 
obtained 15 days after onset were positive for H. capsulatum. However, and as in Case 1, 
the organism was not recovered either in direct culture or from the livers and spleens of mice 
inoculated with a sputum specimen collected 4 months after onset. The Histoplasmin skin 
test, made 6 months after onset, was positive. A single chest x-ray obtained during the 
fourth week failed to reveal any evidence of pulmonary infiltration. 
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The diagnosis of histoplasmosis in this case was based on the isolation of H. cap- 
sulatum from sputum obtained early in the course of illness, the significant antibody levels 
demonstrated by the collodion agglutination test, and a positive skin test reaction to Histo- 
plasmin. 


CASE 3.—Also about one week after the onset of illness in Case 1, the patient’s 
14-year-old son became ill. Again, the symptoms were acute, with pain in the left chest, 
cough with production of purulent bloodstreaked sputum, anorexia, generalized malaise, 
and headache as the predominant ones. Temperature elevations of 103° F. were recorded 
during the first week. However, the patient made a rapid recovery and was able to return 
to school after an absence of approximately two weeks. Therapy included a total dosage 
of 2.5 Gm. Terramycin which was given every 4 hours in 250 mg. doses. 


TABLE ITT. SUMMARY OF SEROLOGIC DETERMINATIONS, CULTURE STUDIES, AND SKIN TESTS IN 
CASE 3 (Son) 





COMPLEMENT FIXATION TITER | 





| 
| | 
| 














YEAST | | | COLLODION ORGANISM 
PHASE WHOLE | | AGGLUTINATION | ISOLATED | SKIN TEST 
TIME AFTER | SOLUBLE | YEAST | HISTO- | TITER ( HISTO- FROM | WITH HISTO- 
ONSET | ANTIGEN | ANTIGEN | PLASMIN | PLASMIN) | SPUTUM | PLASMIN 
10 days 1:40 1:64 Negative 1:20 
15 days None 
24 days 1:40 1:256 1:32 1:40 
43 days 1:20 AC* AC 1:10 
105 days 1:10 AC AC 1:30 
191 days Negative 1:128 1:256+ 1:10 Positive 
43 yr. =< 1:16 1:8 Negative Positivet 
*AC = Anticomplementary. 


750 by 50 mm. erythema; 40 by 50 mm. induration. 


As noted in Column 1, Table III, the complement fixation titer with histoplasma 
soluble yeast phase antigen was 1:40 in specimens taken on the tenth and twenty-fourth 
days after onset. This level decreased to 1:20 and 1:10 in serums collected at approximately 
6 and 15 weeks, respectively. In a serum specimen taken 6 months after onset no comple- 
ment-fixing antibody was demonstrable. Collodion agglutination tests in the tenth and 
twenty-fourth day serum specimens were also positive, whereas results with later specimens 
were equivocal. H. capsulatwm was not isolated from the single sputum collected about 
15 days after onset of symptoms. In the single chest x-ray obtained during the fourth 
week there was no evidence of pulmonary infiltration or hilar adenopathy. The patient, 
however, did have a positive reaction to a skin test with Histoplasmin when this was made 
approximately 6 months after onset of illness. 

Although the diagnosis of histoplasmosis in this case was not supported by the re- 
covery of H. capsulatum, the positive serologic and dermal sensitivity tests strongly indicated 
that the boy’s infection was also due to this fungus, particularly since symptomatologically 
and in time of onset it closely simulated culturally verified Cases 1 and 2. 


TABLE LV. SUMMARY OF SEROLOGIC DETERMINATIONS, CULTURE STUDIES, AND SKIN TESTS IN 
CASE 4 (SISTER-IN-LAW) 











| COMPLEMENT FIXATION | | 








TITER COLLODION AGGLU- ORGANISM SKIN TEST 
TIME AFTER | (YEAST PHASE SOLUBLE TINATION TITER ISOLATED WITH 
ONSET ANTIGEN ) | ( HISTOPLASMIN ) FROM SPUTUM | HISTOPLASMIN 
13 days 1:10 1:10 
18 days None 
27 days 1:80 >1:40 
46 days 1:80 1:40 
108 days 1:20 1:20 None 
194 days Negative 1:5 Positive 


43 yr. = 
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Case 4.—The fourth person involved in this series was the 27-year-old sister-in-law 
of Case 1 who resided with the family, and who was actively ill for only 2 or 3 days. 
Symptoms began about 2 days after the onset of illness in Case 1 and, although of shorter 
duration and less severe, they were similar to those experienced by the 3 other members 
of the family. She was away from her job for just one week. Since recovery was unevent- 
ful, no medication was prescribed. 

In this patient, as illustrated in Column 1, Table IV, the antibody levels were very 
low in the earliest serum obtained. Fourteen days later, however, the complement fixation 
titer had increased to 1:80 and the collodion agglutination test had become markedly 
positive. These high antibody levels persisted for at least 3 more weeks and then, as in 
the other cases, gradually decreased. The patient was sensitive to Histoplasmin when 
tested 6 months after onset, in spite of the fact that cultures of two sputum specimens 
were negative for H. capsulatum. The single chest x-ray taken during the fourth week 
was negative. 





: Fig. 4.—(Case 1.) Chest x-ray taken approximately 5 years after onset of illness (June 
3, 1957) discloses no appreciable change from Fig. 3. The variable nodular densities are of 
comparable size, and no true calcification is seen. 


The diagnosis of probable histoplasmosis in this case was based on a demonstrated 
increase in antibody levels to histoplasma antigens, a positive skin test to Histoplasmin, 
and on the similarity in the time of onset and clinical symptoms observed in Cases 1, 2, 
and 3. 


The Follow-Up.—Additional data were obtained in 3 of the 4 cases 4% to 5 years 
after the onset of their illnesses. 


CASE 1.—At the time of the follow-up, the father appeared to be a vigorous, healthy 
man. His weight was 210 pounds, which represented a gain of 40 pounds over that main- 
tained prior to his hospitalization with histoplasmosis. He resumed his occupation as butcher 
early in 1953 and has been employed continuously ever since. He has not had colds or 
further upper respiratory disturbances. As earlier noted, the serial chest x-rays (Fig. 1) 
from the time of his hospital admission in May, 1952, until 4 months thereafter showed a 
gradual and continuous diminution of the nodular densities throughout both lung fields 
(Fig. 3), but in the five years intervening there was no appreciable change. In a film 
taken in June, 1957, the nodular densities still varied from minute to 3 mm. in diameter 
and no true calcification was seen (Fig. 4). As shown in Column 2, Table I, this man 
maintained a C.F. antibody titer of 1:16 with whole cell histoplasma yeast phase antigen. 
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His skin test reaction to Histoplasmin also remained markedly positive. Complement fixa- 
tion and collodion agglutination tests with the mycelial filtrate antigen, Histoplasmin, were 
negative. 


Case 2.—His wife also appeared to be well and healthy, and for the past 3 years 
has been employed as a stenographer in a large metropolitan bank. Approximately one 
year after the primary phase of her histoplasma infection she began to have low back pain. 
In the pyelograms made at that time there was a persistent filling defect in the region of 
the pelvis on the right due to some organic lesion. Whether or not this was an extra- 
pulmonary focus of H. capsulatum was not determined. The symptoms eventually disap- 
peared and there has been no recurrence. A chest x-ray taken in December, 1956, was 
negative, as was the earlier film made during the fourth week after onset of infection 
with H. capsulatum in 1952. Evidence of this patient’s infection persists only in the 
residual C.F. antibody titer of 1:8 with the whole cell yeast phase antigen (Column 2, 
Table IT) and her strongly positive skin test reaction to Histoplasmin (Table IT). 


9 


CASE 3.—The son currently is an enlisted man in a branch of the United States Armed 
Forces. In the follow-up chest x-ray in December, 1956, there was a disseminated distribu- 
tion of tiny calcified nodules, creating a ‘‘snow storm’’ pattern throughout both lung 
fields, regarded as very characteristic of healed miliary histoplasmosis (Fig. 5). This 
was in contrast to the negative findings during the fourth week of infection. A serum 
specimen also obtained in December, 1956, fixed complement to titers of 1:16 and 1:8 
with the whole cell yeast phase antigen and Histoplasmin, respectively. His skin test 
reaction to Histoplasmin was strongly positive (Table IIT). A simultaneous skin test with 
P.P.D. was negative. 





Fig. 5.—(Case 3.) Chest x-ray taken 414-years after onset of illness (Dec. 22, 1956) shows 


a disseminated distribution of tiny calcified nodules throughout both lung fields. 


Case 4.—The sister-in-law apparently is also healthy and well. However, this patient 
moved to a distant state about two years after her histoplasmosis infection, and we were 
unable to gain her cooperation for follow-up studies. 


METHODS 


Serologic Tests —The complement fixation (C.F.) and collodion agglutination (C.A.) 
tests employed were carried out as described in earlier reports.3,4 The antigen used for 
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the C.F. test in the primary phase of the study was the physiologic saline soluble component 
of yeast phase cells of H. capsulatum following disruption by grinding.t The whole cell 
yeast phase antigen and Histoplasmin,* a filtrate of the filamentous growth of the organ- 
ism, were employed in follow-up C.F. tests.5 Histoplasmin was the only antigen used in 
the C.A. test. 


Skin Tests.—Follow-up skin tests were made with a 1:100 dilution of Histoplasmin.t 


Culture Studies—Early morning sputum samples were emulsified in 5 to 10 ml. 
physiologic saline solution containing 1,000 and 2,000 units of penicillin and streptomycin 
per milliliter, respectively. After an incubation period of one hour at 37° C., 0.5 ml. 
quantities were inoculated intraperitoneally into each of five 18 to 20 gram male albino 
mice and planted on brain heart infusion agar (Difco) containing 20 and 40 units of 
penicillin and streptomycin per milliliter, respectively, and one per cent dextrose. Plates 
of inoculated medium were incubated at room temperature for a period of 4 weeks. The 
mice were observed for 4 weeks, at which time all survivors were sacrificed and their 
livers and spleens cultured for H. capsulatum. The spleens and livers of mice dying after 
the seventh day were also cultured. Colonies appearing after the tenth day were trans- 
ferred to Sabouraud’s dextrose agar (Difco) and incubated at room temperature for 
final identification. 

DISCUSSION 


The clinical courses of the 4 persons involved in this family outbreak of 
primary, pulmonary histoplasmosis, the first to be reported from the District 
of Columbia area, were remarkably similar to those described in the epidemics 
report by Loosli and associates* and Fureolow and Grayston.’ In 3 of the 4 per- 
sons, the symptomatology was relatively mild, transitory, and clinically indis- 
tinguishable from that in mild upper respiratory infections of viral or bacterial 
etiology. In fact, had it not been for the grave illness in Case 1 it is doubtful 
that the milder illnesses would have been ascribed to any specific agent, much less 
to the fungus, H. capsulatum. Despite the variation in the degree of severity, 
however, all made spontaneous and apparently complete recoveries. 

In order to establish that an outbreak of pneumonitic illnesses is due to H. 
capsulatum, it is sometimes necessary to rely on indirect criteria as outlined in 
the studies of epidemics by Grayston and Fureolow.* In the present one, how- 
ever, the rapid demonstration of agglutinins and complement-fixing antibodies 
with histoplasma antigens in early sera from each of the patients led to immedi- 
ate cultural studies. The latter yielded H. capsulatum not only from two of 
the persons involved, but ultimately also from the contaminated chicken com- 
post to which all 4 had been recently exposed.? Skin tests with Histoplasmin 
were also positive. 

This series of cases also provided additional evidence that therapy with 
antibacterial antibiotics has little if any beneficial effect on the course of primary, 
pulmonary histoplasmosis. Two of the four cases were untreated and a third 
received a total dosage of 2.5 Gm. Terramyecin. The fourth case was treated 
with a variety of drugs, including Terramycin, Chloromycetin, penicillin, Rimi- 
fon, streptomycin, and PAS. In spite of this, this patient’s stormy, prolonged 
course was essentially similar to that in other reported cases of equal severity who 
recovered without benefit of specific therapy. Loosli® and Silverman and his 
associates’® describe severe infections in which recovery occurred without the 
use of antibacterial antibiotics or drugs of any kind. Moreover, there is some 


*Lot H-15: Parke, Davis & Company, Detroit, Mich. 
t+Lot 029386-F-029975-F: Parke, Davis & Company, Detroit, Mich. 
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evidence that streptomycin, at least, actually enhances rather than inhibits the 
erowth of mycotic agents." 

Of special interest were the follow-up findings relating to pulmonary in- 
volvement. Extensive infiltration (Fig. 1) was observed during the initial phase 
of the study only in the person with the most severe illness. Although there 
was considerable clearing during the first 4 months (Fig. 3), since that time there 
has been no essential change either in the areas of nodular densities or size of the 
individual lesions. Nor is there evidence of calcification (Fig. 4). In contrast, 
the follow-up film in Case 3 revealed a typical ‘‘snow storm’’ pattern of calcifi- 
eation (Fig. 5) although the single film obtained on this patient during the fourth 
week after onset was negative. The initial and follow-up films in Case 2 were 
both elear. Whether infiltrates might have been present at some time prior to 
or later than the fourth week in either of these two milder cases, of course, can- 
not be ascertained. From the still negative skin test reaction to P.P.D. and the 
extensive calcification in Case 3, however, it is not unlikely that at one time there 
was considerable infiltration in this patient. For this reason, serial chest x-rays 
appear to be as important as serial serologic and repeated cultural studies in fol- 
lowing the early suspected and verified cases of histoplasmosis. The reported 
absence of pulmonary infiltration during the primary episode even in relatively 
mild infections perhaps should be viewed with caution unless there are serial 
x-rays at rather close intervals to substantiate this point. 


Serologie tests, as noted above, were used to good advantage in the detection 
and study of these eases. Cultural studies were initiated only after it was known 
that serologic tests were positive. The importance of obtaining specimens 


(sputum, gastrics and blood) for culture during an acute phase of this infection 
has perhaps received too little emphasis. Experience in this laboratory reveals 
that it is during the early stage of infection that the organism is most readily 
isolated. In this regard the collodion agglutination test is especially useful. This 
test which ean be performed in any hospital laboratory within a period of 3 hours 
directs attention to the possibility of primary pulmonary histoplasmosis during 
a phase of active infection when cultural and additional serologie studies yield 
the most definitive and valuable information. Agglutinins, moreover, are usu- 
ally demonstrable by the time symptoms begin to occur even in eases which are 
not sufficiently severe for the development of detectable complement-fixing anti- 
bodies.'® 1% 

As illustrated in Tables I, II, and III the results of complement fixation 
tests vary with the type of antigen, duration and type of disease, and other as 
yet undetermined factors. For example, the reactions with whole yeast phase 
antigen in sera from Case 1 were essentially the same as those with the soluble 
antigen, whereas those in sera from Cases 2 and 3 were considerably higher with 
the whole cell preparation. Later sera from Case 3 also reacted to a titer exceed- 
ing 1:256 with Histoplasmin, in contrast to negative findings with this antigen in 
Cases 1 and 2. The importance of employing different types of antigenic prepa- 
rations is discussed in an earlier report.° There is at the present time little doubt 
that the whole cell antigen is superior to the soluble yeast phase component; that 
the reactions obtained with the whole yeast cell antigen also sometimes differ 
markedly from those obtained with Histoplasmin; and that until these differences 
are resolved both types of antigens should be employed in complement fixation 
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tests for histoplasmosis. However, it is not unusual for a low residual C.F. anti- 
body titer or a marked skin test sensitivity to persist for an, as yet, undeter- 
mined number of years following a primary infection, as illustrated by the find- 
ings in these eases. Their interpretation awaits the close study and follow-up of 
an inereasing number of eases from the time of onset of infection as exemplified 
by the investigations of Loosli and his associates.° 


SUMMARY 

An epidemic of primary, pulmonary histoplasmosis in a family of 4 persons 
living near Washington, D. C., is described. The father was critically ill for a 
period of 3 months, whereas the infections in his wife, son, and sister-in-law were 
only mild to moderately severe. All recovered. Histoplasma capsulatum was 
isolated from the sputums of the husband and wife. Elevated titers of agglu- 
tinins and C.F. antibodies were demonstrated in the sera of all 4 persons and all 
were skin test positive to Histoplasmin. Although the father was treated with 
a variety of antibiotic agents, none of the agents appeared to alter his stormy 
course. Follow-up chest x-rays and skin and serologic tests were obtained 414 
to 5 years later on 3 of the patients. In the son’s film there was a typical ‘‘snow 
storm’’ pattern of calcification (Fig. 5) whereas in the father’s there was no 
ealeification and no appreciable change in nodular densities compared with 5 
years before (Figs. 3 and 4). The film on the wife was negative. Residual C.F. 
titers of 1:8 and 1:16 and strongly positive skin test reactions to Histoplasmin 
persisted in all 3 persons. Studies leading to the isolation of H. capsulatum from 
contaminated chicken compost to which 4 persons were exposed approximately 
two weeks prior to onset of their infections are described in a separate report.” 
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A FAMILY OUTBREAK OF HISTOPLASMOSIS 
II. Erpmemio.tocic STupIES 


CHARLOTTE C. CAMPBELL, B.S. 
Wasuincton, D. C. 


HIS report is concerned with the epidemiologic aspects of an outbreak of 

histoplasmosis involving all the members of a family.t. These individuals 
were residents of Glenmont, a suburban housing development situated within 
5 miles of the city limits of Washington, D. C., in Montgomery County, Mary- 
land. The epidemic, although similar in many respects to others earlier re- 
ported,?"* was of special interest because it occurred in a geographic area of 
‘‘low’’ endemicity and involved persons who lived in a suburban rather than 
rural area. These findings are conspicuous only in that they invalidate certain 
not altogether warranted impressions that have arisen during the last 10 years 
concerning the aequirement of this infection. 

The purpose of this report, therefore, is not only to describe epidemiologic 
studies in an additional outbreak of histoplasmosis, but also to emphasize that: 
(1) the geographie distribution of Histoplasma capsulatum has not been fully 
outlined; (2) maps of endemicity in many instanees reflect the extent to which 
the disease has been investigated in particular localities rather than actual preva- 
lence of the infection; thus, in areas of purportedly low endemicity the real 
prevalence of the infection is often unknown; (3) exposure to the etiologic agent 
in nature is not necessarily associated with dusty environments or uncommon 
activities of prolonged duration; and (4) infections are not limited to rural 
residents or other isolated groups. 


The Family.—This family comprised 4 persons: the husband, his wife, their 14-year-old 
son, and a sister-in-law. The father was employed as a butcher in an Army commissary 
and the wife and sister-in-law as stenographer and clerk-typist, respectively, by different com- 
mercial firms. The son attended high school. Week ends were used for gardening, housekeep- 
ing, marketing, and similar duties. The family occasionally took automobile rides on Sunday, 
but on these occasions did not visit farms or take walks over country terrain. There had been 
no vacations, either separately or together, for at least 8 months. The father, at the time 
of onset of illness, was terminating a convalescent period following surgery for hernia but 
other members of the family had been healthy and well prior to onset of their respiratory 
infections. 

The Outbreak.—In April, 1952, each of these persons experienced an episode of primary 
pulmonary histoplasmosis.1 The diagnosis was unequivocally established in the husband and 
wife by the isolation of H. capsulatum from their sputums, and presumptively in the son and 
sister-in-law by a demonstrated increase in histoplasma antibody as well as similarity in symp- 
tomatology and time of onset to the two verified cases. The husband’s episode was one of 
extreme gravity and required a 3-month period of hospitalization for recovery. The son’s, 
wife’s, and sister-in-law’s illnesses, requiring only 1 to 2 weeks of bed rest at home, were con- 
siderably less severe. An investigation to find the point source in nature from which these 
infections were acquired was initiated at once. All available evidence indicated that this 
source existed in the District of Columbia area. 
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The Environment.—The Glenmont housing development consisted of an area approxi- 
mately two miles square. Modest clapboard houses of relatively contemporary design occupied 
lots approximately 60 feet wide and 100 feet deep, and were fronted by concrete sidewalks 
and paved streets. At the time of the outbreak, there was no evidence of construction in- 
volving the use of bulldozers or other dust-raising equipment within a radius of one-half 
mile. The narrow front lawns were sodded and well kept. 

The house in which this family had lived for the past 5 years was essentially the same 
as many others in the immediate and surrounding blocks. Like these, it was situated near the 
front of the lot to allow space for small vegetable or flower gardens as well as additional lawn 
in the rear. Because of the season many of the gardens had recently been plowed and planted. 
This family’s garden adjoined that of the neighbor’s to the rear and those of the neighbors’ on 


both sides. An oceasional lot was partitioned by a low wire fence. More often, there was no 
demarcation, and the individual properties were continuous, permitting free access from one 


to the other. The few trees appeared to be young and vigorous. 


FIELD STUDIES 


Early diseussion with the father revealed that while he could reeall no 
particular activity in which the family had participated collectively, he and 
his son had cleaned the basement of their home approximately 10 days before 
the onset of their illnesses. This had proved to be an especially dusty and 
time-consuming task as the son, who was an amateur naturalist, used it as a 
workshop. There he prepared and preserved for display or kept as pets for 
indefinite periods birds, their nests and eggs, and small rodents which he col- 
lected during his frequent trips to a little wood about one mile south of the 
development. Neither the wife nor the sister-in-law was at home when the 
dust was at its highest concentration, but both made brief excursions to the 
basement later in the day. Moreover, sufficient dust had escaped to the upper 
story to necessitate a thorough cleaning of the house. It was also recalled 
that 3 baby squirrels were brought into the house about one month before the 
onset of these illnesses. The animals died after several days, allegedly of mal- 
nutrition, but actually of unknown causes. Other possible contributors to the 
outbreak were the several birds’ nests, wings from a sparrow hawk, the large 
eggshell collection on display in the boy’s room, and the dog and three eats 
owned by the family. The technique for emptying eggshells was especially 
suspect since it involved bathroom towels in common use. Finally, it was learned 
that game birds, following removal of their wings for preservation, were often 
eaten by all persons concerned in the outbreak. 

In spite of this array of possibilities, attention was focused on the base- 
ment as the most likely souree. This was a large, noncompartmented room with 
a concrete floor and walls of the cinder block type. It was accessible only by 
a stairway leading from the kitchen. Relatively dry and well lighted, it con- 
tained the usual permanently installed laundry tubs and furnace, but no stor- 
age bins or chests. Beeause of the recent cleaning, little remained to be eol- 
lected as specimens for mycologie study. Owl pellets that were overgrown 
with a species of nonpigmented fungus were found on the floor in one corner. 
These, a 50 by 70 em. mat of fungus about two feet distant from the pellets, and 
a green mold covering one of the glass eyes on a stuffed buffalo head were the 
only specimens returned to the laboratory for study. 

A second trip to the home was made three days later. On this occasion 
specimens from the surrounding environs as well as additional ones from the 
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basement were collected. These included: (1) washings sponged from each 
of the basement walls; (2) soil samples from 4 different areas in the backyard and 
garden, 3 were selected because they were the possible but completely for- 
gotten burial sites for the baby squirrels and the fourth because it comprised 
the floor of a wire chicken pen used for caging captured birds, and only rarely 
for housing chickens prior to slaughter; (3) nesting materials from the 
wooden box in which the baby squirrels died; (4) a walnut shell filled with 
mycelium also found in this box; (5) a pigeon’s nest from a high rafter in a 
deserted barn approximately one mile distant from the house, from which the 
son often collected specimens of eggs and birds; and (6) the owl’s nest, by this 
time abandoned, from which the pellets found earlier on the basement floor 
originated. 

As shown in Table I, H. capsulatum was not recovered from any of these 
specimens. Negative results were also obtained by two other investigators to 
whom portions of many of these materials were sent.* It was of interest, how- 
ever, that Cryptococcus neoformans was isolated from the pigeon’s nest by 
each of the persons who studied it.® © 


TABLE I. SUMMARY OF ISOLATION STUDIES FOR HISTOPLASMA CAPSULATUM ON 
SPECIMENS FROM SUSPECTED EXPOSURE SOURCES (GLENMONT OUTBREAK, 
MONTGOMERY COUNTY, MD.) 


~ MYCOTIC PATHOGEN ISOLATED 














NO. SPECIMENS CULTURE | MOUSE INOCULATION 
Collected May, 1952 sate 
1 Owl pellets None None 
2 Mycelial mat (50 x 70 em.) None None 
3 Green mold on glass eye of buffalo head None None 
4 Basement wall washings None None 
5) Soil sample No. 1 None None 
6 Soil sample No. 2 None None 
7 Soil sample No. 3 None None 
8 Soil sample No. 4 from chicken coop None None 
9 Nesting material in squirrel box None None 
10 Mycelium filled nutshell None None 
11 Owl’s nest None None 
12 Pigeon’s nest C. neoformans C. neoformans 
= Collected December, 1956 nc a = 
13-21 Soil samples from garden Not done None 
22 Soil sample from chicken house floor Not done H. capsulatum 
23 Soil sample from chicken house floor Not done H. capsulatum 
24 Soil sample from chicken house floor Not done H. capsulatum 
25-27 Soil sample from chicken house floor Not done None 
28-30 Soil with crumbling wood from slatted Not done None 


platform in chicken house 


In spite of these negative findings, it was still believed that the basement 
was the only common source to which all of these persons could have been ex- 
posed. Our failure to recover H. capsulatum trom any of the above specimens 
was attributed to the fact that the offending focus was removed from the base- 
ment during the cleaning operation before our first trip to the house. For this 
reason, further studies did not appear to be warranted. 

In December, 1956, approximately 414 years after the onset of these infee- 
tions, follow-up x-rays and skin and serologic tests on 3 of the 4 persons were 


*I am indebted to Dr. C. W. Emmons, National Institutes of Health, Bethesda, Md., 


and to Dr. Libero Ajello, Communicable Disease Center, Chamblee, Ga., for their valued 
assistance in these studies. 
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obtained.t When the father returned for his follow-up test, he was accompanied 
by his ailing mother-in-law in order that skin and serologie tests might also be 
made on her. When it was disclosed that the mother-in-law resided on a small 
farm near Wayeross, Georgia, and that she tended a small flock of chickens, 
considerable emphasis was placed on whether or not she also cleaned the hen 
house. On being advised of the close association of H. capsulatum spores and 
soils enriched with chicken exereta,’ the father instantly recalled that he had 
collected, hauled, and spread chicken manure on his own garden the day be- 
fore cleaning the basement in his home. 

Armed with this heretofore undisclosed information, a third trip was made 
to collect soil samples. Soils were taken from nine areas in the garden, which 
during the intervening years had been repeatedly plowed, fertilized, and planted. 
Since the chicken house from which the manure was initially obtained was not 
more than one mile east of this suburban housing development, specimens of 
soil were also collected from it. This small dilapidated structure, no longer 
suitable for housing chickens beeause of a leaky roof and missing planks on the 
sides, was empty except for a barrel and a few chunks of fire wood. Six samples 
of soil were collected from various areas of the moist dirt floor and 3 additional 
ones from a slightly elevated platform on which the crumbling fire wood was 
stacked. 

As shown in Table I, H. capsulatum was readily recovered from mice inoc- 
ulated with 3 of the 6 soil samples collected from the dirt floor of the chicken 
house. Specimens from the slatted platform as well as the garden areas were 
negative. It is of interest to note that the organism was isolated in one instance 
as early as two weeks after injection, indicating that even though 414 years 
had elapsed the spores were still present in high coneentration in this partie- 
ular sample. 

LABORATORY STUDIES 

1. Materials from Sowrces in Nature.— 

Soil samples: For those samples collected during the initial phase of this study three 
different preparation techniques were employed in order to utilize each of the various modifica- 
tions described by Emmons,’ Zeidberg and Ajello,9 and Larsh and associates! for isolating 
H. capsulatum from soil. Only the method described by Larsh and associates1® was used on 
the later samples. These suspensions were used only in mice. 

Bird and animal nests: Approximately 2 grams of twigs, leaves, feathers, and soil were 
selected from different parts of the nests, broken into minute fragments, placed in a 100 ml. 
cylinder containing 30 ml. of physiologic saline, and shaken vigorously. After 10 minutes, 
the supernatant fluid was siphoned from the sedimented larger particles and centrifuged at 
5,000 r.p.m. for 5 minutes. The sediment from the latter, resuspended in 10 ml. of saline, 
comprised the inoculating suspension for mice. 
made. 


No direct platings on culture medium were 


Basement wall washings: Areas, approximately 4 feet square, on each of the 4 base- 
ment walls were swabbed with sterile sponges moistened and later rinsed in 1,000 ml. sterile, 
distilled water. Debris from the latter was collected on millipore filters (Type HA) and 
resuspended in 10 ml. saline.11_ Media as well as mice were inoculated with these suspensions. 

Miscellaneous specimens: Other specimens such as owl pellets, the several specimens of 
fungi, nutshells, ete., were each suspended in 30 ml. of physiologic saline, shaken vigorously, 
and allowed to stand in 100 ml. cyiinders for one hour. Aliquots of 5 ml. were removed sep- 
arately from the surface, middle, and supernate-sediment interface of each suspension for 
injection into mice and inoculation of selective media. 
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2. Media.—Brain heart infusion agar (Difco), to which glucose, penicillin, and streptomy- 
cin were added in final concentrations of 2 per cent and 20 and 40 units per milliliter of 
medium, respectively, was the sole substrate for culturing livers and spleens of inoculated mice. 
Sabouraud’s agar containing cycloheximide was used for the direct culture of many of the 
specimens collected from nature.12 

3. Animal Inoculations.—Male albino mice in groups of 10 and weighing 18 to 20 grams 
were used. They were inoculated intraperitoneally with 0.5 or 1.0 ml. volume of the prepared 
specimens, depending upon the quantity available. All were treated daily for 7 days follow- 
ing inoculation with 1,000 units of penicillin and 2,000 units of streptomycin. The animals 
were observed for a period of 4 weeks, at which time half of the survivors were sacrificed and 
their livers and spleens cultured for H. capsulatum. The remaining mice were sacrificed and 
their livers and spleens cultured at the end of 8 weeks. The spleens and livers of mice which 
died after the seventh day were also cultured. 

Except for those soil samples collected during the follow-up phase of the study, this 
series of procedures was repeated 3 times in this laboratory on separate aliquots of each of 
the specimens collected from nature. In one of these trials, 5 per cent hog gastric mucin was 
substituted for physiologic saline as the suspending menstruum for materials injected into 
mice,13, 14 


DISCUSSION 


Although forests, chickens, birds, rodents, and even domestic pets were 
involved in this epidemiologic investigation—and all are implicated as possible 
contributors to the distribution of H. capsulatum in nature® * '°-°°—the agent 
finally was recovered from the source most commonly associated with primary, 
pulmonary infections of histoplasmosis; soils enriched with the excreta of 
chickens or other fowl.° 

It was nevertheless of interest to learn that in the contracting of these in- 
feetions the time of exposure was so brief and the source so usual that neither 
was recalled until specific questions were asked. In this instance, the initial 
period of exposure could not have exeeeded a period of one hour and, unlike 
more dramatic undertakings such as speleologic expeditions and the cleaning 
of silos, water towers, or even dusty basements,?* it was associated with a very 
commonplace task. The father, also accompanied by his son on this occasion, 
had driven to the nearby farm, hurriedly scooped the soil into small kegs, 
transported it home in the trunk of his car and deposited it on the garden. 
Yet the ready recovery of H. capsulatum trom 3 of the 6 soil samples collected 
several years later from this original source leaves little doubt that it was in the 
execution of this incidental chore that the near fatal and moderately severe ill- 
nesses were incurred. For the wife and sister-in-law, the means of exposure 
was even less impressive. Neither was directly involved in this task. They 
merely pulled weeds in the garden within the next few days. 

Nor can it be assumed that these were the only cases among the many per- 
sons having free access to this garden. The initial studies ineluded a serum 
from a 12-year-old boy who lived across the street and whose upper respiratory 
infection coincided in time of onset and duration with that of the son’s. A titer 
of 1:128 in serologic tests left little doubt that his infection was one of histo- 
plasmosis acquired in a manner similar to the others because of his frequent 
visits to this home. Therefore, in our excessive concern over the dusty base- 
ment we had failed to investigate the more serious illness in the neighbor who 
lived to the rear, despite the fact that her bout with bronchopneumonia was 
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sufficiently severe to require 3 weeks of hospitalization. She, indeed, had not 
visited this family, but her garden directly adjoined their contaminated plot. 
In retrospect, it is thus not unlikely that her infection and possibly some of the 
milder ones that beset residents of this community was due to exposure to this 
at least temporary focus of H. capsulatum. 

This series of cases comprises only a minor part of the evidence that the 
District of Columbia area is one of high endemicity for histoplasmosis, con- 
trary to the relatively low prevalence assigned to it on distribution maps.* 
Histoplasma capsulatum is isolated repeatedly from the soils of nearby com- 
munities by Emmons as well as ourselves.* *"** Moreover, as disclosed by our 
own serologic studies carried out cooperatively with physicians in this area, 
there were 33 eases with serologic titers of 1:16 or above with histoplasma 
antigens in residents of the District of Columbia and adjoining states within 
the past year. Patients in military installations in these states account for 128 
additional cases with a presumptive serologic diagnosis of histoplasmosis within 
the same period.** These figures included only those persons with illnesses of 
sufficient severity to require hospitalization. 

In view of the above, it is therefore pertinent to point out that distribution 
maps might not be entirely accurate for other regions assigned a low preva- 
lenee, but where, as in the District of Columbia, the incidence is actually un- 
known. In this regard, it is not generally recognized that skin test surveys 
with Histoplasmin, the principal method for determining the distribution of 
this agent, have not been carried out with the same intensity in all areas of 
the United States. In addition, it has not been sufficiently emphasized that even 
in areas known to be endemic the organism’s distribution is spotty rather than 
continuous.” * * In a recent and more complete skin test survey in Pennsyl- 
rania, for example, Aronson and Taylor found a high rate of Histoplasmin 
sensitivity in the counties comprising the southeastern part of the state, in 
marked contrast to the low incidence ascribed to the state as a whole on the 
basis of previous, sporadic studies.*° It was thus not surprising when the organ- 
ism was subsequently isolated from a soil sample collected in Chester County, 
Pennsylvania, and from the native resident whose pulmonary infection was 
traced to exposure to that souree.** Nor is it unlikely that there are other 
primary infections in that area which continue to be overlooked or attributed 
to other more usual causes. <A similar situation undoubtedly exists in certain 
areas of New York where primary, pulmonary eases in residents exposed to a 
local focus of the organism were recently deseribed.* *° 

The finding of an increased number of eases in any area is generally due 
to a greater awareness of the disease and improved diagnostic methods. Never- 
theless, there are relatively new situations in which heterogenous populations 
rather than isolated groups might be expected to be exposed more frequently 
to this agent. Primary among these are the new suburban communities in vari- 
ous stages of development throughout the nation. These vast communities 
usually not only occupy territory that was farm land a short while before but 
are adjacent to others still used for this purpose. In many of these communi- 
ties, gardening is a common pursuit. The readily accessible compost, as in this 
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series of cases, is transported through densely populated areas in cars or trucks 
and, if contaminated, at least temporary foci are established in the vehicles, 
the routes they travel and the areas on which the compost is eventually spread. 
The automobile which figured in this outbreak, for example, was traded for 
a new one within the week. What of the new purchasers who were exposed to 
the spore-laden trunk? And would such exposure constitute an unusual activity 
to which later infections might be traced? 

Finally, there appears at the present time to be sufficient evidence to indict 
the chicken house, especially the old, unused one, as a prominent reservoir of 
this fungus, and possibly to use it as one of the indices as to whether histo- 
plasmosis can be expected to oceur in a community or not. The close asso- 
ciation of H. capsulatum and soils enriched with exereta of chickens or other 
fowl was first pointed out by Zeidberg and Ajello in studies carried out in 
Tennessee’; a curious predilection that has been amply verified by the extensive 
studies of Emmons as well as more limited ones by others in various eastern 
States.*: °-7 % 1% 21-23, 26 Qur own experiences emphasize that it is the soil from 
the old and often abandoned coop, or areas on which such buildings have recently 
stood, that is particularly suspect. These rich soils, in addition to having been 
undisturbed, usually are exposed to moisture but not to sun, and thereby are 
ideal environments for the luxuriant growth of this organism.*' **?5 In the 
present study, it is to be noted that the organism was readily recovered from 
the source which met these requirements, but not from the garden which was 
continuously exposed to radiation. The eastern seaboard states are densely 
populated with old towns and villages and the newer type of community de- 
scribed above. All are heavily endowed with old chicken houses, many of which 
are no longer used. It is perhaps time to question whether they are merely 
eyesores and as innocuous as they seem, and to regard them as potential reser- 
voirs of H. capsulatum regardless of their geographic area. 


SUMMARY 


Four cases of primary, pulmonary histoplasmosis occurred in a family living 
in a suburban housing development near Washington, D. C. Locating the 
exposure source of H. capsulatum was complicated by the family’s close associa- 
tion with a variety of possible foci. These included decaying wood, birds, their 
nests and eggs, rodents, domestic pets, and, a singular but unrelated incident 
involving a high concentration of dust. During a follow-up study 4% years 
after the primary infections, H. capsulatum was isolated from the dirt floor 
of an old chicken coop on a nearby farm. The father and son had collected 
chicken compost from this coop to fertilize the family garden about 10 days 
prior to onset of their infections. The mother and sister-in-law worked in this 
gvarden during the next few days. 

Because of the increasing evidence that the District of Columbia area is 
one of high rather than low endemicity for this fungus, some of the limitations 
of the currently available map of distribution are pointed out. The association 
of exposure to this organism with commonplace tasks, a possibly increasing 
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number of infections in heterogenous populations of suburban communities, and 
the prominence of the old chicken coop as a reservoir of H. capsulatum are also 
discussed. 
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ENERALIZED oozing from small blood vessels in the operative field may 

occur during surgery. Usually it is short-lived and minor in degree. On 
other occasions it may be excessive and prolonged or intractable. The cause is 
not well understood. Massive blood replacement,’* a demonstrable circulating 
fibrinolytic enzyme,°*! hypo or afibrinogenemia, and platelet deficiencies have 
all been suggested as the cause.'°-"® 

A number of factors concerned with blood clotting and fibrinolysis have 
been measured before, during, and after surgery. An attempt has been made 
to correlate changes in these factors both with the occurrence of excessive oozing 
during surgery and with the number of transfusions administered. 


TABLE I. INCIDENCE OF OOZING AND FIBRINOLYSIS IN RELATION TO SITE OF OPERATION 


NUMBER SHOWING _ 





SITE OF TOTAL NUMBER | NUMBER SHOWING | EUGLOBULIN | WHOLE CLOT 

SURGERY PATIENTS OOZING ACTIVITY | LYSIS 
Head and neck 16 l 6 3 
Thoracic 7 ] i 0 
Abdomen and G. U. 18 9 13 5 
Hepatic lobectomy 7 t 4 3 
Total 78 15 24 10 


MATERIAL AND METHODS 


Most of the patients studied were undergoing extensive surgery for malignant neo- 


plasms (Table 1). Venous blood samples were drawn on the day before the operation, on 
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Number 6 
the day of operation before and after the induction of anesthesia (thiopental, nitrous 
oxide, and ether), and at intervals during and after surgery. Fibrinogen and fibrinolysin 
determinations were done on all samples, and other studies outlined below were done in 
most instances. 

The following determinations were made: 


1. Fibrinolytie Activity of Whole Blood: The time required for complete lysis of a 
whole blood clot was determined at 37° C. 

2. Fibrinolytic Activity—Euglobulin Fraction: A previously reported modification 
of the method of Milstone15 was used. In the early cases 50 units of thrombin were used 
but later this was changed to one unit of thrombin.* 

3. Fibrinogen: Quick’s modification of the method of Cullen and Van Slyke.16 

4. Platelet Count: This was performed on capillary blood.17 Normal values averaged 
about 250,000 per ¢c.mm. 

5. Prothrombin Time: Quick’s method.1¢ Normal values were less than 14 seconds. 

6, 7, and 8. Prothrombin, Factor V, and Factor VII. Modifications of Owren’s one 
stage assays were used.18 Normal values were above 70 per cent. 

9. Prothrombin Consumption: Prothrombin determinations were carried out on serum 
from blood oxalated after one hour at 37° C.18 Normally, over 90 per cent of the plasma 
prothrombin was consumed. 


10. Citrate Concentration: This was determined by the Natelson method19 modified 
by Elliot.2° 
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Fig. 1.—Number of transfusions given to nonoozing and oozing patients. 
RESULTS 
Excessive generalized bleeding or oozing oceurred in 15 of the 78 patients 
studied. It was observed during many types of operations but most fre- 
quently during hepatie lobectomy. (Tables I and IT). 
Massive Blood Replacement and Changes in Platelet Count.—Four of the 
15 oozing patients received over 10 unitst of blood while only two of the 63 





*Bovine Thrombin: Parke, Davis & Company, Detroit, Mich. 


*One unit is 600 ml. A.C.D. bank blood, which contained 480 ml. or 1 pint of blood and 


120 ml. of A.C.D. The average storage age of 295 units of bank blood given to 21 patients 
was 7.8 days. 
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patients who did not ooze received this much blood (Fig. 1). <A _ significant 
relationship between oozing and massive transfusion (Chi square — 6.36; 
P 0.02 = 5.41; P 0.01 — 6.64) is indicated, but it is impossible to prove that 
the multiple transfusions were not the effect of rather than the cause for the 
excessive bleeding. 
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Fig. 2.—Relation between number of transfusions and per cent change in platelet count in 
oozing and nonoozing patients. 


The platelet count after transfusions was compared with the preoperative 
count, and the per cent change plotted against the number of transfusions for 
13 patients who oozed and 40 patients who did not ooze (Fig. 2). The average 
control platelet count was 329,000/e.mm. and was over 400,000/e.mm. in 25 
per cent of the patients. The platelet count fell sharply after multiple trans- 
fusions. However, only two patients, neither of whom oozed, had _ platelet 
counts below 100,000/e.mm. after surgery and transfusions. When straight 
lines were fitted to the data by the method of least squares, there was a signifi- 


eant difference in slope between the oozing and the nonoozing patients (t = 4.68; 
t for P 0.01 — 2.68). This indicated that increasing amounts of blood caused 


a greater depression of platelets in oozers than in nonoozers. Despite this 
tendency, severe thrombocytopenia was not present in the oozing patients; the 
lowest platelet count in an oozing patient during surgery was 112,000/e.mm., 
and the average was 196,000 (Table IT). 

Plasma Citrate Concentration.—The plasma citrate concentration was in- 
creased in proportion to the amount and rate of blood replacement.*! Although 








——— 4 EXCESSIVE OOZING IN SURGERY PATIENTS 853 
the plasma citrate level was elevated in all but two of the patients who oozed, 
it was not possible to establish a direct relationship between oozing and plasma 
citrate levels (Fig. 3). Oozing did not always coincide with peak plasma 
citrate levels. It did not always stop even when plasma citrate levels fell below 
10 mg. per cent, and sometimes ceased without an appreciable drop in the plasma 
citrate. Plasma citrate levels of 30 or 40 mg. per cent were not uncommon, 
and levels as high as 79.5 mg. per cent were observed in the absence of oozing. 
One gram of caleium, either as the chloride or gluconate was administered for 
each two units of transfused blood. 


OOZING PATIENTS 





Ss NON- OOZING PATIENTS 





CITRIC ACID MG% 
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Fig. 3.—VPlasma citrate concentration during surgery and multiple transfusions in selected 


nonoozing and oozing patients. 


Fibrinolytic Activity—Samples were considered to have activity only when 
complete lysis occurred in less than 24 hours for the whole blood samples, and 
in less than 10 hours for the euglobulin samples. Euglobulin activity was fre- 
quently observed when a simultaneous sample did not show whole clot lysis. 
When whole clot lysis was present, the euglobulin fraction always showed some 
fibrinolytic activity. 

The relationship between the type of operation and the occurrence of 
fibrinolytic activity is shown in Table I. Patients undergoing hepatic lobectomy 
had the highest incidence of fibrinolytie activity. 

The 40 patients previously reported”® are referred to as Series I and were 
studied between September, 1955, and March, 1956. None of these patients 
had fibrinolytic activity prior to surgery. Seven of them oozed during surgery. 
Whole clot lysis occurred in 5 of these oozing patients, but was not determined 
in the other 2. Six of the oozing patients had fibrinolytic activity of the euglob- 
ulin fraction (Fig. 4, Table II). In contrast to the high incidence of fibrinolytic 
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activity observed in the oozing patients, only 4 of the 33 nonoozing patients 
showed whole clot lysis, with lysis times between 8 and 24 hours. These 4 
patients also showed euglobulin activity (Fig. 4). 

The 38 patients studied from March to July, 1956, Series II, did not show 
as definite a relationship between oozing and fibrinolysis. Of the 8 oozing pa- 
tients only one had whole clot lysis, and 3 showed definite euglobulin activity 
(Fig. 4, Table II). Of the 30 nonoozing patients, one had 2-hour whole clot 
lysis during surgery, 3 showed euglobulin activity prior to surgery, and 10 had 
euglobulin activity during surgery (Fig. 4). The techniques employed were 
the same in both series with the following exceptions. In Series IT, blood samples 
were obtained less frequently prior to the oozing episode and in most patients 
samples were not obtained during the actual oozing. In Series I, the mixture 
of patients’ euglobulin fraction and fibrinogen was clotted with 50 units of 
thrombin, whereas in Series IT, only one unit of thrombin was used. This change 
was made when it was found that the thrombin was contaminated with bovine 
plasminogen.”* 

NON-OOZING PATIENTS 
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Fig. 4.—Euglobulin fibrinolytic activity in oozing and nonoozing patients. 


When lytie activity was present, it was observed in one or more samples 
drawn close to the time of excessive bleeding. In 3 of the 9 oozing patients 
with significant fibrinolytic activity during surgery, no fibrinolytic activity was 
found in samples taken about one hour after closure. Two patients in Series 
II oozed just before or during closure, and no blood samples were taken until 
about an hour after closure. These postoperative samples showed fibrinolytic 
activity which was no longer present two hours later. Three patients who 
showed fibrinolytic activity while they were oozing during surgery, showed 
less activity in postoperative samples taken 14 to 3 hours after closure, and 
activity was no longer present in subsequent samples taken 3 to 6 hours later. 
In these patients, no apparent oozing occurred after closure. In one patient 
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(C. D.), oozing persisted for several hours after operation. Four hours post- 
operatively this patient showed fibrinolytic activity which was more marked 
than during surgery. Two hours later fibrinolytic activity had disappeared and 
bleeding was no longer observed. 

Fibrinogen.—The fibrinogen concentration was below 170 mg. per cent in 
5 and below 100 mg. per cent in 3 of the oozing patients. Two of the latter 
had had hepatic lobectomies (Table II). It is of interest that all of these were 
in Series I. All 5 had some fibrinolytie activity. It seems probable that a 
relationship exists between the two. Hypofibrinogenemia also developed in 4 
nonoozing patients.* In one of them, a patient undergoing hepatic lobectomy, 
fibrinogen concentration fell below 100 mg. per cent, and in the other 3, who 
were undergoing other operations, it fell to slightly below 150 mg. per cent. 
Fibrinolytie activity was not detected in the latter 3 patients. 

Several patients showed marked decreases in fibrinogen concentration dur- 
ing surgery but because the control concentration was high it did not fall to 
levels usually associated with bleeding. Fibrinogen fell more than 100 mg. 
per cent during surgery in patients who had no demonstrable fibrinolytic ac- 
tivity as well as in those with fibrinolytic activity. In some patients, the fall 
in fibrinogen could be attributed to transfusions, in which the patient’s blood, 
with an abnormally high fibrinogen concentration, was replaced with bank 
blood containing a normal level of fibrinogen. 

Prothrombin Time and Factors Influencing It.—The longest prothrombin 
time among the nonoozing patients was 18.8 seconds, compared to 19.0 seconds 
among the nonoozing patients. Reduction of prothrombin concentration was 
almost uniformly observed among the patients undergoing hepatic lobectomy, 
but values below 46 per cent were not reached until after surgery had been 
completed.** None of the other operative procedures resulted in less than 50 
per cent prothrombin concentration. The proportion of patients with low 
prothrombin concentration was about equal in the oozing and nonoozing groups. 
Factor VIL was not measured in all patients but, when determined, showed 
similar changes. 

Factor V was low among the oozing patients more often than prothrombin. 
Furthermore, a decrease in factor V was found with significantly greater fre- 
queney among the oozing patients than among those who did not bleed ex- 
cessively. (Chi square = 14.3; P 0.01 — 6.6). Fibrinolytic activity was 
present in all but one (T. A.) of the oozing patients who showed a drop in 
factor V and may have been responsible for destruction of this clotting factor.* 

Prothrombin Consumption.—Three of the oozing patients (two of them 
women) showed less than 90 per cent consumption of prothrombin in one hour 
in samples obtained immediately prior to or early during surgery, although 
they had adequate platelet counts. It is possible that this abnormality accounts 
for the excessive surgical bleeding seen in these patients.*° 

*Fourteen patients are not included because determinations were made with the Par- 


fentjev method.2* When the fibrinogen concentration is low, this method gives results con- 
siderably below those obtained by the Cullen and Van Slyke method. 
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Shock, Transfusion Reactions, and Dextran Administration.—Shock and 
tissue hypoxia may cause derangements in the hemostatic mechanism either dur- 
ing operation or in the postoperative period. In this series there were 5 patients 
in frank shock. Only two of them oozed and had fibrinolytic activity. In 
the remaining 13 patients who exhibited oozing, significant hypotension during 
the operation or the postoperative period was not noted. 

Although hemolytic transfusion reactions have been implicated as a cause 
of excessive surgical bleeding,*® there is no evidence that any of our patients 
received incompatible blood. To eliminate subgroup incompatibility, direct 
cross-matehing as well as indirect Coombs tests were done on all patients. 

Two of the oozing patients received dextran during surgery. Although this 
plasma volume expander has been found to induce a hemorrhagic syndrome 
when given in large amounts to normal individuals,** dextran was not respon- 
sible for the initiation of excessive bleeding in our patients, since oozing was 
present before dextran was given. 


TABLE III. CHANGES SHOWN BY NONOOZING AND OOZING PATIENTS 


“CHANGE IN SINGLE CATEGORY 


| | INADE- |_ GE 

|  QUATE PROTHROM. 

NO CHANGE | DATA | LYSIS* | FACTORS t PLATS{ | TOTAL 
Nonoozing 21 7 10 2000 1 31 
Oozing ] 1 0 3 0 3 


Changes in Multiple Categories 


PRO- 


| | LYSIS | LYSIS | THROM. | PLATS, 
| | PRO- | LYSIS | PROTHROM. | FACTORS PRO- 
LYSIS | THROM. | FIBRIN. | CONS. |  PRO- THROM. 
FI- FAC- PROTHROM. | PROTHROM. | THROM. FAC- 
| BRIN.§ | ToRS | FAcTOoRS | FACTORS | CONS. TORS TOTAL 
Nonoozing 0 2 1 0 0 ] 4 
Oozing 1 4 2 l 2 0 10 


*Euglobulin lysis time less than 10 hours. 
~Prothrombin, factor V or VII below 70 per cent. 
tPlatelet count under 100,000 c.mm. 

§Less than 100 mg. per cent. 

Less than 90 per cent in one hour. 


Differences Between Oozing and Nonoozing Patients—The results are 
summarized in Table III. The changes observed were classified in the following 
categories: (1) euglobulin fibrinolytic activity with lysis in less than 10 hours; 
(2) prothrombin, factor V, or factor VII below 70 per cent of normal; (3) 
fibrinogen concentration less than 100 mg. per cent; (4) platelet count less than 
100,000/e.mm.; and (5) prothrombin consumption less than 90 per cent in one 
hour. The patients are divided into four groups: those showing no changes; 
those with incomplete data; those showing only one type of deficiency, that is, 
a change in only one category; and finally, patients showing multiple deficien- 
cies or changes in more than one category. Among the nonoozing patients with 
adequate data, 21 showed no change in any of the factors studied, 31 showed 
changes in only a single category, and only 4 showed multiple changes. In 
contrast, only one of the oozing patients showed no change in any category, 4 
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showed a change in a single eategory only, and 9 showed changes in more than 
one category. If the 3 oozing patients with poor prothrombin consumption 
are omitted because this alone is presumably an adequate explanation of their 
bleeding, 3 oozing patients showed a change in a single category only and 7 
showed multiple changes. 

There proved to be significant differences between the distribution of oozers 
and nonoozers in the 3 eategories (no change, single change, and multiple 
changes). (Chi square — 18.86, P 0.01 —. 9.21.) The significance becomes 
even greater if the oozing patients with poor prothrombin consumption are 
included. Many more oozers are found in the multiple change category than 
one would expect if the distribution were the same for oozers and nonoozers. 
When a comparison is made between patients who had multiple changes and 
those who had changes in one category only, there is also a significant difference. 
(Chi square — 11.43, P 0.01 — 6.64.) Those patients who had a change in 
more than one category showed a significantly greater tendency to ooze. 


DISCUSSION 


Although the occurrence of fatal hemorrhage in obstetrics and surgery is 
rare, episodes of excessive bleeding during massive surgery are not uncommon. 
In this series, oozing occurred in 15 of 78 patients. Only 4 of the oozing pa- 
tients received over 10 units of blood and in one of these the transfusions were 
the result rather than the cause of the excessive bleeding. Hence, massive 
transfusion was not a cause of oozing in most of the patients. 

Thrombocytopenia following massive blood replacement has been reported 
by Stefanini and associates' and by Krevans and Jackson.* We have observed 
profound falls in the platelet count after less than 8 units of blood, and always 
after the administration of 10 or more units. The percentage reduction in count 
in our patients is approximately the same as in the patients studied by Krevans 
and Jackson.“ However, only two of our patients had platelet counts below 
100,000/e.mm. after transfusion. One explanation for the lack of thrombocy- 
topenia in our eases is the high pretransfusion platelet count in many of our 
patients. Another is that Krevans and Jackson reported the lowest platelet 
count within 48 hours after transfusion, whereas we report the count within 
a few hours. The platelet count generally continues to fall for one or two days 
after blood replacement. Thrombocytopenia did not appear to be a significant 
factor in the etiology of oozing in our series, although there was a tendency for 
a greater depression of the platelet count among the oozers. 

Although ‘‘citrate intoxication’’ has been discussed repeatedly sinee the 
advent of the modern blood bank, there has been little or no clinical study of 
the correlation between blood citrate levels and oozing. In this series, patients 
showed an oozing tendency with and without elevated blood citrate levels. Some 
patients with markedly elevated citrate levels did not ooze. There was no 
evidence from our studies that elevated citrate concentration affeeted blood 
clotting. Presumably, the administration of calcium salts and the mobilization 
of body ealeium stores adequately maintained ionized calcium. 
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Our results suggest that two eriteria should be observed in an attempt to 
assess the relationship between fibrinolytic activity and excessive surgical bleed- 
ing. First, samples should be drawn during the period of active bleeding, since 
fibrinolytic activity often disappears when oozing ceases. Second, frequent 
samples should be obtained. Because of the rapid fluctuations in fibrinolytic 
activity, a single sample may give misleading results. 

The mechanisms which activate the fibrinolytic enzyme are not clearly un- 
derstood. Stress,?* shock,?® and hypoxia®? can activate fibrinolysin and may 
play a role in surgical cases.** Shock was not severe in most of our oozing pa- 
tients. Hypoxia was considered to be the cause of fibrinolytic activity in two 
of the nonoozing patients in the first series.**? Tissues, particularly the lung 
and uterus, are said to contain activators®® which may be released into the 
circulation during surgical trauma. Fibrinolysin may interfere with hemostasis 
by lysis of clots or it may destroy some of the circulating blood clotting fac- 
tors.*! 

Previous studies of surgical bleeding have consisted, for the most part, 
of case reports of patients with very severe hemorrhagic syndromes. A strik- 
ing feature of some of these reports has been the failure of the patient’s blood 
to clot even when thrombin was added.* ® 7° This has been attributed to the 
absence of circulating fibrinogen. It should be remembered that incoagulable 
blood may result from rapid lysis of newly formed fibrin strands. In vitro lysis 
of fibrin occurs more rapidly than does destruction of the fibrinogen in blood 
prevented from clotting by citrate or oxalate, so that rapid whole clot lysis 
may oceur when the fibrinogen concentration is only moderately low. For 
example, in one sample in a severely oozing patient not included in this series, 
the clot had lysed completely in less than 20 minutes. If inadequately observed, 
this might have been mistaken for complete absence of clot formation and inter- 
preted as afibrinogenemia; yet, a simultaneous oxalated sample had a fibrinogen 
concentration of at least 175 mg. per cent. 

Fibrinogen concentrations below 100 mg. per cent were observed in only 3 
of the oozing patients, all of whom had fibrinolytie activity. In cases reported 
by others, hypofibrinogenemia in surgery or obstetrics was often associated with 
demonstrable fibrinolytic enzyme, but, in some, fibrinolytic activity was not de- 
tected.'* ** In the latter cases, intravascular coagulation has been implicated 
as a cause of hypofibrinogenemia.’* ** The failure to detect activity could be 
ascribed to lack of sensitivity of the method employed,’? or to disappearance of 
activity at the time of sampling. 

Low fibrinogen concentration, rather than complete afibrinogenemia has 
been observed in most of the bleeding patients described by Coon and Hodgson,’ 
Hodgkinson and associates,’° and Phillips, Rowley, and Habif.1! Although 
patients with congenital afibrinogenemia have fairly adequate hemostasis in 
the face of day-to-day trauma,”° Phillips and associates’ observed operative 
bleeding in patients with concentrations of fibrinogen as high as 125 to 175 mg. 
per cent and suggest that a higher level of fibrinogen is needed for hemostasis 
during surgery. 
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Decreased concentrations of prothrombin, factor V, and factor VII were 
found during surgery in patients who did not ooze, as well as in some who had 
excessive bleeding. These factors may have been destroyed by the fibrinolytic 
enzyme in some eases, but similar reductions were observed in patients in whom 
fibrinolytie activity was not detected. Since these clotting factors are short- 
lived,”® this fall in concentration may represent utilization without adequate 
replacement. The liver is necessary for normal production of prothrombin and 
factors V and VII. With partial hepatectomy, factor V reaches its lowest level 
within 12 hours after surgery; prothrombin and factor VII fall more slowly, 
but are generally already somewhat reduced by the end of surgery.** It is pos- 
sible that the minor decreases in these factors observed in some patients under- 
going operations other than hepatie lobectomy may be the result of a temporary 
decrease in hepatie production. 

We conclude that no single factor is responsible for excessive bleeding 
during surgery. In facet, there was a statistically significant relationship be- 
tween the occurrence of excessive bleeding and the presence of multiple changes 
in the factors studied. Fibrinolytie activity was the change most frequently 
associated with oozing, but fibrinolysis was sometimes present without obvious 
oozing and was occasionally absent in oozers. In most of the patients who oozed 
excessively, some change in addition to fibrinolysis was noted, usually a decrease 
in fibrinogen, prothrombin, factor V, or factor VII. Although these clotting 
factors may have been destroyed by the fibrinolytic enzyme, similar decreases 
were observed in patients without detectable fibrinolytie activity. 

Multiple deficiencies were also found in two patients with severe oozing, 
not ineluded in the series because of lack of control data. Both whole blood 
and euglobulin fibrinolytie activity were very pronounced in these patients. 
The fibrinogen level was low normal, but prothrombin, factor V, and factor VIT, 
and platelet levels were below normal. 

It is difficult to assess therapeutic measures because both lysis and oozing 
may cease without treatment. We have used lyophilized fresh (antihemophilic) 
plasma largely beeause many of the samples tested had very high antifibrinolytie 
activity. It also contains prothrombin, factor VII, and fibrinogen in approxi- 
mately normal concentration, but there is a subnormal concentration of factor 
V. Fresh whole blood collected in plastic bags is reeommended when thrombo- 
cytopenia is present, and fibrinogen (fraction I) should be given when severe 
hypofibrinogenemia occurs. 


SUMMARY 

Blood clotting factors and fibrinolysis were studied in 78 patients before, 
during, and after major surgery. 

Fifteen patients oozed excessively during surgery. Oozing could not be 
ascribed to massive blood replacement, and in none of the oozing patients was 
the platelet count below 100,000/e.mm. Plasma citrate concentration bore no 
relationship to the occurrence of oozing. 

Fibrinolytie activity of the euglobulin fraction was found during or shortly 
after surgery in nine of the 15 oozing patients. Active whole clot lysis was 
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observed in 6 cases. Fourteen of the 63 nonoozing patients had euglobulin 
fibrinolytic activity and 5 had whole elot lysis. Fibrinogen concentration fell 
below 100 mg. per cent in only 3 of the oozing patients, 2 of whom were under- 
going hepatie lobectomy. Decreases in prothrombin and factor VII coneentra- 
tions during surgery occurred with equal frequency among oozers and non- 
oozers, whereas decreases in factor V oceurred more frequently in oozing pa- 
tients. Values below 50 per cent of normal were only observed in patients un- 
dergoing hepatic lobectomy. 

All but one of 14 oozing patients showed a change in at least one of the 
factors measured. Three had poor prothrombin consumption before surgery, 
3 had prothrombin or factor V concentrations below 70 per cent, and the re- 
maining 7 had fibrinolytic activity plus some other change. The correlation 
between oozing and the occurrence of multiple changes was statistically signifi- 
cant. 


We wish to express our appreciation to the following for their competent technical 
assistance: Jesse Trott, George Ajjan, Betsy Geller, and Norman Haber. 


REFERENCES 


l. Stefanini, M., Mednicoff, I. B., Salomon, L., and Campbell, E. W.: Thrombocytopenia 
of Replacement Transfusion: A Cause of Surgical Bleeding, Clin. Res. Proce. 2: 61, 
1954. 

2. Seott, R. Jr., and Crosby, W. H.: Changes in the Coagulation Mechanism Following 
Wounding and Resuscitation With Stored Blood, Blood 9: 609-621, 1954. 

3. Krevans, J. R., and Jackson, D. P.: Hemorrhagic Disorder Following Massive Whole 
Blood Transfusions, J. A. M. A. 159: 171-177, 1955. 

4. Howland, W. S., Schweizer, O., Boyan, C. P., and Dotto, A. C.: Physiologie Altera- 
tions With Massive Blood Replacement, Surg., Gynec. & Obst. 101: 478-482, 1955. 

5. Soulier, J. P., Mathey, J., LeBolloch, A. G., Daumet, P., and Fayet, H.: Syndromes 
Hémorrhagiques mortels avee incoagulabilité totale par defibrination et avec 
fibrinolyse. I. Au cours des exéréses pulmonaires, Rev. hémat. 7: 30-47, 1952. 


6. Bauman, J.: Incoagulabilité Sanguine aprés Lobectomie, Rev. hémat. 7: 20-24, 1952. 
7. Penn, S. R., and Walker, J. H.: Defective Blood Coagulation Following Pulmonary 


Surgery, New England J. Med. 250: 764-765, 1954. 

8. Ratnoff, O. D.: Studies on a Proteolytic Enzyme in Human Plasma; Fatal Hemor- 
ragic State Associated With Excessive Plasma Proteolytic Activity in a Patient 
Undergoing Surgery for Carcinoma of the Head of the Pancreas, J. Clin. Invest. 
31: 521-528, 1952. 

9. Coon, W. W. and Hodgson, P. E.: Fibrinolysis in Surgery Patients. Possible Rela- 
tionship to Hemorrhagic Diathesis, Surg., Gynec. & Obst. 95: 717-724, 1952. 

10. Hodgkinson, C. P., Luzadre, J. H., Pifer, P. W., Swinehart, L. A., and Remp, D. G.: 
Hypofibrinogenemia and Defects of Coagulation, Obst. & Gynec. 5: 465, 1955. 

11. Phillips, L. L., Rowley, P. T., and Habif, D. V.: Hypofibrinogenemia in Surgical 
-atients, Surg., Gynec. & Obst. 103: 443-454, 1956. 

12. Ratnoff, O. D., Pritchard, J. A., and Colopy, J. E.: Hemorrhagic States During Preg- 
nancy, New England J. Med. 253: 63 and 97, 1955. 

13. Stefanini, M.: Hemorrhagic Tendency Following Massive Transfusions at Surgery, 
VI International Blood Transfusion Congress and IX Annual Meeting of the 
American Association of Blood Banks, Boston, Sept. 3-5, 1956. 

14. Downie, G. R., and Cliffton, E. E.: A Method for Assay of Serum Proteolytic Activity. 
Proc. Soc. Exper. Biol. & Med. 71: 138-141, 1949. ; ; 

15. Milstone, H. J.: A Factor in Normal Human Blood Which Participates in Strepto- 
eococeal Fibrinolysis, J. Immunol. 42: 109-116, 1941. 

16. Quick, A. J.: The Physiology and Pathology of Hemostasis, Philadelphia, 1951, Lea 
& Febiger, 

17. Brecher, G., Schneiderman, M., and Cronkite, E. P.: The Reproducibility and Con- 
staney of the Platelet Count, Am. J. Clin. Path. 23: 15-26, 1953. 

18. Lewis, J. H., Ferguson, J. H., Fresh, J. W., and Zucker, M. B.: Primary Hemorrhagic 
Diseases, J. Las. & CLIN. Mep, 49: 211-232, 1957. : . 











Votoms sa EXCESSIVE OOZING IN SURGERY PATIENTS 861 
Number 6 


. Natelson, S., Pincus, J. B., and Lugovoy, J. K.: Microestimation of Citric Acid: <A 


New Colorimetric Reaction for Pentabromoacetone, J. Biol. Chem. 175: 745-750, 
1948. 


. Elliot, K. A. C.: Personal Communication to Dr. C. A. Villee cited by Bunker, J. P., 


Stetson, J. B:, Coe, R. C., and Grillo, H. C.: Citric Acid Intoxication, J. A. M. A. 
157: 1361-1367, 1955. 

Howland, W. 8., Bellville, J. W., Zucker, M. B., Boyan, C. P., and Cliffton, E. E.: Mas- 
sive Blood Replacement. V. Failure to Observe Citrate Intoxication, Surg., Gynec., 
& Obst. (In press.) 


. Cliffton, E. E., Grossi, C., and Siegel, M.: Hemorrhage During and After Operation 


Secondary to Changes in the Clotting Mechanism: Physiology and Methods of 
Control, Surgery 40: 37-53, 1956. 

Siegel, M., and Cliffton, E. E.: The Role of a Contaminant in Thrombin in the Human 
Plasmin Assay System, J. Gen. Physiol. 40: 377-392, 1957. 

Parfentjev, I. A., Johnson, M. L., and Cliffton, E. E.: The Determination of Plasma 
Fibrinogen by Turbidity With Ammonium Sulfate, Arch. Biochem. 46: 470-480, 
1953. 

Stefanini, M., and Dameshek, W.: The Hemorrhagic Disorders, New York, 1955, Grune 
& Stratton, Ine. 

Friesen, S. R., Harsha, W. N., and McCroskey, C. H.: Massive Generalized Wound 
Bleeding During Operation With Clinical and Experimental Evidence of Blood 
Transfusion Reactions, Surgery 32: 620-629, 1952. 

Carbone, J. V., Furth, F. W., Scott, R. Jr., and Crosby, W. H.: An Hemostatie De- 
fect Associated With Dextran Infusion, Proc. Soc. Exper. Biol. & Med. 85: 101-103, 
1954. 

Macfarlane, R. G., and Biggs, R.: Fibrinolysis: Its Mechanism and Significance, 
Blood 3: 1167-1187, 1948. 

Tagnon, H. J., Levenson, 8. M., Davidson, C. S., and Taylor F. H. L.: Occurrence 
of Fibrinolysis in Shock; With Observations on Prothrombin Time and Plasma 
Fibrinogen During Hemorrhagie Shock, Am. J. Med. Se. 211: 88-96, 1946. 

Astrup, T. Fibrinolysis in the Organism, Blood 11: 781-806, 1956. 

Soulier, J. P., Alagille, D., and Larrieu, M. J.: In vivo and in vitro Proteolysis of 
Coagulation Factors Other Than Fibrinogen, VI Congress of the International 
Society of Hematology, Boston, Aug. 27 to Sept. 1, 1956. 

Schneider, C. L.: Fibrin Embolism (Disseminated Intravascular Coagulation With 
Defibrination as one of the End Results During Placenta Abruptio), Surg., Gynec. 
& Obst. 92: 27-34, 1951. Pi 

Zucker, M. B., Siegel, M., Cliffton, E. E., Bellville, J. W., Howland, W. S., and Grossi, 
C. E.: The Effect of Hepatic Lobectomy on Some Blood Clotting Factors and on 
Fibrinolysis, Ann. Surg. (Jn press.) 








STUDIES IN IRON TRANSPORTATION AND METABOLISM 
X. Lonc-TerRM IRON OVERLOAD IN Dogs 


Emer B. Brown, Jr., M.D.,* ReuBenra Dusacnu, Pu.D., Davin E. 
Smiru, M.D.,** Cesar REYNAFARJE, M.D.,*** anp Cart V. Moore, M.D. 
St. Louis, Mo. 


INTRODUCTION 

EMOCHROMATOSIS, characterized by pigmentary cirrhosis, pancreatic 

fibrosis with diabetes, and extensive parenchymal organ infiltration with 
iron, has not been produced in experimental animals despite attempts by many 
investigators. In these unsuccessful efforts a wide variety of animal species, 
many forms of iron compounds, and multiple routes of administration have been 
used. Many attempts to produce hemochromatosis experimentally may have 
failed because the amounts of iron given were too small or the subsequent period 
of observation too brief to allow the changes of this disease to oceur. However, 
patients given multiple transfusions’ * or prolonged excessive oral doses of medie- 
inal iron,** and Bantu natives*-'® ingesting large amounts of dietary iron do 
develop hemosiderosis and may show cirrhosis of the liver and rarely diabetes. 
That conditions other than idiopathic hemochromatosis are associated with in- 
creased tissue iron stores and organ damage in human beings, makes more re- 
markable the failure to produce similar changes in animals. An examination of 
previous experimental attempts to produce hemochromatosis seems indicated in 
order to view the problem more clearly and to evaluate the results we shall 
present in this study. 

REVIEW OF LITERATURE 

Among the most complete studies to delineate the pathogenesis of hemochromatosis were 
those of Polson,!1-13 who conducted both acute and long-term experiments on the fate of 
colloidal iron administered intravenously to rabbits. Using relatively small doses of iron 
(0.1 to 0.3 Gm./Kg.) and observing the animals for only a year, he found the injected iron 
was deposited initially in largest amounts in the reticuloendothelial elements of liver, spleen, 
lymph nodes, and bone marrow. Small amounts of hemosiderin were present as emboli in 
pulmonary and glomerular capillaries and in scattered macrophages elsewhere in the body. 
Little iron was found in hepatic parenchymal cells until redistribution from Kupffer cells 
occurred 6 to 8 months after the beginning of injections. Though considerable aggrega- 


tion of iron granules occurred, there was little cellular reaction to its presence, and nothing 
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similar to the fibrosis and cirrhosis of hemochromatosis was produced. This same investi- 
gator injected colloidal iron in doses of 0.13 to 0.33 Gm./Kg. subcutaneously and intraperi- 
toneally into rabbits for periods as long as 4 years with essentially the same histologic results. 

Careful experiments similar to those of Polson were reported in 1930 by Cappell14 
who injected saccharated iron oxide in 550 mg./Kg. doses into mice and rats which were 
thereafter observed for periods as long as 14 months. With minor exceptions, his results 
confirmed Polson’s work and led him to conclude that ‘‘nothing analogous to the lesions of 
hemochromatosis in the human subject has been observed in the organs of animals subjected 
to excess iron over prolonged periods.’’ 

Andersson!5 injected a preparation similar to saccharated iron oxide intravenously 
into rabbits and followed 4 animals for as long as one year. Doses of iron in the range 
of 0.3 to 0.35 Gm./Kg. produced no cirrhosis or other organ damage. 

Extensive studies using intravenously administered saccharated iron oxide or sub- 
cutaneous and intraperitoneal injections of ‘‘ferrie hydroxide ferrous ascorbate’’ in mice, 
rats, rabbits, and guinea pigs were performed by Nissim.16 He achieved doses of iron as 
high as 2.16 Gm./Kg. in mice and observed them until death occurred ‘‘months’’ after the 
last injection. Guinea pigs were followed for approximately 3 months from the beginning 
of subcutaneous injections of ‘‘ferrie hydroxide ferrous ascorbate’’ in doses as high as 
1 Gm. of iron per kilogram of body weight. While tissue damage was produced as evidenced 
by hemorrhagic embolic phenomena in the lungs, patchy parenchymal damage in the liver, 
and adrenal hemorrhages, no cirrhosis of the liver or pancreatic fibrosis was observed. 
This author emphasized that the distribution of iron deposits achieved and the organ damage 
produced depended upon the type of preparation used. 

In as yet unpublished observations on the long-term toxicity of an iron-dextran complex, 
Golberg!7 reports no evidence of cirrhosis or organ damage from iron deposits resulting 
from doses as high as 1.65 Gm./Kg. in rats or rabbits observed more than 40 weeks. 

Hemoglobin iron liberated from the animal’s own red cells by hemolytic agents!8-?4 
or from nonviable transfused cells has been used by several investigators in attempts to 
produce hemochromatosis in experimental animals. Among the earliest of these studies 
were those of Rous and Oliver25 who transfused rabbits with citrated whole blood daily 
for periods up to 644 months. They produced abundant hemosiderin pigmentation of 
reticuloendothelial cells but no cirrhosis; their conclusion was ‘‘that hemosiderin, when 
enclosed in living cells, has no noteworthy stimulative effect on connective tissue.’’ 

Since the excess iron in idiopathic hemochromatosis and in cytosiderosis of Bantu 
natives must ultimately be derived from increased absorption from the gastrointestinal 
tract,® 10, 26,27 many investigators have attempted to increase iron absorption in animals. 
While it has been repeatedly shown that some form of block to uncontrolled iron absorption 
exists in several animal species as well as in man, Hegsted and co-workers?8 demonstrated 
in rats, mice, guinea pigs, and chickens that if sufficient iron is added to a normal diet all 
species will absorb large amounts of iron. They also showed29, 30 that even greater amounts 
of iron will be absorbed if a corn-grit diet low in phosphorus or high in certain amino 
acids is fed. When one increases the absorption of iron by these means, iron is deposited 
primarily in the liver and spleen. Its distribution in parenchymal as well as in reticulo- 
endothelial cells is somewhat suggestive of that in hemochromatosis, but there is no asso- 
ciated fibrosis or cirrhosis. Wyatt and Howells1 extended the corn-grit dietary experiment 
of Hegsted and co-workers and added other forms of tissue injury produced by castration or 
feeding of copper salts. Excessive iron storage in the liver was again produced, but no 
evidence of progressive parenchymal fibrosis was observed. Likewise, Rather79 fed ferric 
citrate alone or combined with a low-protein diet to rats observed as long as 20 months. 
He found no fibrosis of the liver or pancreas despite large hepatic hemosiderin deposits. 

Increased absorption of iron added to the diets of golden hamsters has been described32 
when emulsifying agents are also added. Siderosis of the liver is thereby produced, but 
no convineing evidence of cirrhosis or other changes of hemochromatosis have been described. 

Following ligation of the pancreatic ducts in cats, fibrosis of the pancreas and siderosis 
of the liver, spleen, and other organs occurs as first described by Taylor, Stiven, and Reid33 











TABLE IA, 
IRON INTRODUCED PARENTERALLY 











EXPERI- | ROUTEOF | | DURATION 
MENTAL | ADMINIS- | Fe COMPOUND | OF OBSERVA- 
AUTHOR ANIMAL | TRATION | AND DOSE | TIONS 
Polson11-13 Rabbit Intravenous Colloidal Iron 14 mo. 
(0.1-0.3 Gm./ 
Kg.) 
Rabbit Intramus- Colloidal Iron 4 yr. 
cular (0.13-0.33 Gm./ 
Intraperi- Kg.) 
toneal 
Cappelli Mouse Intravenous Saccharated Iron 14 mo, 
Rat Oxide (0.55 
Gm./Kg.) 
Andersson!5 Rabbit Intravenous Saccharated [ron 1 yr. 


Oxide (0.3-0.35 
Gm./Kg.) 


Nissim16 Mouse Intravenous Saccharated Iron 5 mo. 
Oxide (1.8-2.16 
Gm./Kg.) 

Rat Intravenous Saccharated Iron 6-12 wk. 
Oxide (0.6-1.0 
Gm./Kg.) 

Intravenous Saccharated Iron 4-6 wk. 
Oxide (0.09-0.54 
Gm./Kg.) 

Ferrie hydroxide 3 mo, 
Ferrous <As- 
ecorbate (0.17-1.0 
Gm./Kg.) 


Rabbit 


Guinea _ Intraperi- 
pig toneal 
and sub- 
cutaneous 


Golberg17 Rat 
Rabbit 


Intramus- [ron Dextran 10 mo. 
cular (1.65 Gm./Kg.) 


Finch42, 43 Dog Intravenous Tron Ascorbate 2 yr 

Gelatin (1.44 to 
4.20 Gm. Fe) 

Dog Intravenous Red Blood Cells 15 mo. 
(1.76 Gm. Fe) 

Dog Intravenous Saccharated Iron 2 yr. 
Oxide (2 Gm./ 
Kg.) 


Rous and 
Oliver25 


Rabbit Intravenous Red Blood Cells 
(Approx. 1 Gm. 


Fe) 


3-614 mo. 


Krumbhaar Dog Intravenous Red Blood Cells 6 mo. 
and (2.5-5.0 Gm. Fe) 
Chanutin44 


Platzerand Dog 
Young2 


Intravenous Red Blood Cells 
(0.14-0.22 Gm., 
Kg.) 


3-11 mo. 


| 


ATTEMPTS TO PRODUCE IRON OVERLOAD IN EXPERIMENTAL ANIMALS. 


COMMENT 


Iron was confined initially to 


reticuloendothelial cells with 
eventual redistribution to 
hepatic parenchymal cells 
(after 6-8 mo.) without 
fibrosis or cirrhosis 

Essentially the same results as 
with intravenous administra- 
tion 


Confirmed Polson’s observa- 
tions 


Confirmed Polson’s observa- 
tions 


Hemorrhagic embolic phenom- 
ena in the lungs, patchy pa 
renchymal damage in the 
liver, and adrenal hemor 
rhages were produced. How 
ever, no cirrhosis of the liver 
or pancreatic fibrosis was 
seen 


No evidence of cirrhosis or or 
gan damage despite massive 
hemosiderosis 


No cirrhosis or organ damage 


[Iron was deposited mainly in 
the reticuloendothelial cells; 
the distribution was com- 
parable to that in dogs 
given iron ascorbate gelatin. 
No tissue damage 

Dogs developed hepatomegaly, 
persistent ascites, and ‘‘ other 
evidence of liver failure’’ 
but minimal fibrosis 


Transfused citrated whole 
blood and produced abun- 
dant hemosiderin pigmenta- 
tion of reticuloendothelial 
cells but no cirrhosis 


Transfused whole citrated 
blood (5-10 L.) and pro- 
duced hemosiderosis confined 
mainly to the reticuloendo- 
thelial cells without fibrosis 


Produced hemosiderosis without 
fibrosis or other abnormali- 
ties 














TABLE IB. ATTEMPTS 
- | EXPERI- | ROUTE OF | 
| MENTAL ADMINIS- 
AUTHOR | ANIMAL | TRATION | 
Hegsted Rat Oral 
et al.28 Mouse 
Chicken 
Guinea 
pig 
Wyatt and Rat Oral 
Howell31 
Rather79 Rat Oral 
Fineh42 Dog Oral 
Wissler Hamster Oral 
et al.32 
Taylor Cat Oral 
et al. 
Gilman Cat Oral 
et al.s4 
Kinney Dog Oral 
et al.4 
Kinney Rat Oral 
et al.35 Mouse 
Hall and Rabbit ‘ 
MacKay3¢ 
Mallory and Rabbit 
Parker37 
HNerbut Rabbit 
t al.41 


2-12% Fe-citrate 


TRON INTRODUCED ORALLY 


TO PropucE IRON OVERLOAD IN EXPERIMENTAL ANIMALS, 





| DURATION | 


Fe COMPOUND 


AND DOSE TIONS 





| OF OBSERVA- | 


| COMMENT 





27-81 days 
alone or with 
corn grits 


2% Fe-citrate 


50-150 days 
plus corn grits 


6% Fe-citrate 
alone or with 
a low-protein 
diet 


20 mo. 


2% Fe-citrate 


plus corn grits 


2-6 mo. 


,~ 


“ --) mo. 


55-199 days 


i 2-5 mo. 


2% Fe-citrate 
plus DL- 
ethionine 


28 days 


: 21-105 days 


5 mo. 


14-102 days 


When sufficient iron was added 
to a normal diet increased 
absorption occurred. Even 
greater absorption occurred 
if corn grit diet low in phos- 
phorus was fed 


Extended corn grit diet experi- 
ments of Hegsted and added 
tissue injury in the form of 
castration and feeding cop- 
per salts. Produced in- 
creased hepatic iron storage 
without fibrosis 


Produced large amounts of 
hemosiderin in the liver 
without fibrosis of liver or 
pancreas 


Produced marked hepatic pa- 
renchymal hemosiderosis. No 
cirrhosis of the liver; no pan- 
ereatic or splenic fibrosis 


Polyoxyethylene sorbitan mono- 
laurate (Tween 20) given 
orally produced increased 
iron absorption but no 
changes of hemochromatosis 


Ligation of pancreatic ducts 
led to pancreatic fibrosis and 
increased iron absorption. 
Hemosiderosis was accen- 
tuated by dietary iron sup- 
plements. No hemochromato- 


sis seen 


Repeated and confirmed the ob- 
servations of Taylor et al. 


Confirmed observations of Tay- 
lor et al. in dogs. No evi- 
dence of cirrhosis of the liver 
or hemochromatosis 


Ethionine produced damage to 
the pancreas, liver, and testes 
plus increased iron absorp- 
tion. When iron was added 
to the diet, lesions super- 
ficially like those of hemo- 
chromatosis appeared 


Copper acetate given by mouth 
produced hepatic necrosis 
and eventual cirrhosis plus 
hemofuscin deposition with 
slight degrees of hemosidero- 
sis 


Similar experiments to Hall 
and MacKay’s using sub- 
cutaneous injections of cop- 
per 


Alloxan produced pancreatic 
and hepatic necrosis with 
eventual fibrosis plus slight 
hemosiderosis of liver and 
spleen 
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and confirmed by the Zilimans.34 The siderosis was further accentuated by feeding a diet 
high in iron. Except fo. the duet-ligated pancreas, no fibrosis accompanied the iron so 
deposited in the tissue 

Ethionine administ:ution produces damage to the pancreas, liver, and testes plus 
increased iron absorption. When iron is added to the diets of rats or mice so treated, 
siderosis of the liver and other organs plus the ethionine-induced damage produces lesions 
superficially like those of hemochromatosis.35 Likewise, copper given by mouth3¢ or sub- 
cutaneously’?7 to rabbits results in necrosis and eventual cirrhosis of the liver with slight 
degrees of siderosis. While disturbances in copper metabolism have been described in idiopathic 
hemochromatosis®8-40 there is little evidence to suggest that copper plays an etiologic 
role in its production. Similarly, the toxie effects of alloxan in producing pancreatic and 
hepatic necrosis with eventual fibrosis and slight hemosiderin deposition have occasioned 
the use of this drug in unsuccessful attempts to produce hemochromatosis in rabbits.41 


Most of the above-mentioned techniques have also been applied in attempts to produce 
hemochromatosis in the dog. In a comprehensive study of iron storage, Finch42 injected 1.44 
to 4.2 Gm. of iron as iron-ascorbate gelatin intravenously into 4 dogs which were then ob- 
served for periods as long as 2 years. Despite increases of iron concentration in the liver 
to approximately 25 times normal, no cirrhosis or other organ damage was produced. Trans- 
fusions of nonviable red cells to a total of 1.76 Gm. of iron were given to another dog 
sacrificed after 15 months. The distribution of iron from hemoglobin breakdown was entirely 
comparable to that produced by the iron-ascorbate gelatin and no tissue damage was mentioned 
other than scars involving wedges of renal tubular cells. Five dogs were fed a corn-grit 
diet supplemented by 2 per cent ferrie citrate for periods of from 60 to 175 days. As 
had been demonstrated in rats and mice on a similar diet, iron concentrations in the livers 
of these dogs increased on the average to approxima‘e!y 25 times normal while in the 
spleens there was a tenfold increase. Distribution of iron tended to be greater in parenchymal 
cells here than in dogs given iron parenterally, though reticuloendothelial deposits were also 
great. Again, no evidence of cirrhosis of the liver or fibrosis of pancreas or spleen was found. 
In a subsequent paper Finch4’ cites his experience with the intravenous injection of 2 Gm. 
of iron per kilogram of weight as saccharated iron oxide into normal dogs which were 
observed for two years. These animals developed hepatomegaly, persistent ascites, and 
‘‘other evidence of liver failure,’’ but minimai fibresis in proximity to siderotie nodules in 
the liver was the only change resembling the cirrhosis of idiopathic hemochromatosis. 

Transfusions of citrated whole blood totaling 5 to .0 L. were given to dogs over 
a 6-month period by Krumbhaar and Chanutin.44 When sacrificed, the animals showed 
marked congestion of all organs with hemosiderin pigmentation confined to macrophages 
in liver, spleen, lymph nodes, and other organs; there was no fibrosis. Likewise, Platzer 
and associates? transfused two dogs to iron levels of 0.14 and 0.22 Gm./Kg. before sacrifice 
at 3 and 11 months. They reported that with the exception of the polygonal cells of the 
liver, all visible iron was stored in reticuloendothelial cells, and neither fibrosis nor other 
abnormalities were noted in any organ. Pancreatic duct ligation in dogs*5 resulted in moder- 
ate siderosis of liver and spleen after 5 months but did not produce cirrhosis or other changes 
of hemochromatosis. These observations are summarized in Tables Ia and Ib. 


The experimental attempts to produce hemochromatosis in animals sum- 
marized above clearly point up the relative ease with which iron ean be intro- 
duced into the organism as well as the great difficulty of achieving parenchymal 
localization of the iron and of producing the fibrosis of liver, spleen, and pan- 
ereas which are hallmarks of idiopathic hemochromatosis in human beings. In 
many instances the concentration of iron achieved seemed too small or the period 
of observation too brief to be sure that the lesions of this disease had time to 
appear. With these objections in mind the following studies were undertaken. 

Normal dogs were given iron as saccharated iron oxide or as hemoglobin 
from transfused red blood cells in doses of 0.5 to 1.0 Gm./Kg. body weight. These 
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dogs were then observed for periods as long as 7 years. During the period of 
observation, measurements of hepatic function were performed together with 
evaluation of hematologic status and changes in iron metabolism. Repeated 
biopsies of liver, spleen, pancreas, and other organs were made for comparison 
with the histologic findings at autopsy; by these means the initial deposition, 
redistribution, and cellular reaction to iron deposits were studied. Chemical 
estimates of the iron content of various tissues were performed to quantitate 
iron deposition. Despite concentrations of iron chosen to correspond to those 
found in human hemochromatosis, no findings suggestive of this disease were de- 
tectable even after 7 years. Our failure to produce hemochromatosis in dogs, 
plus the similar experience of many investigators using other animals, raises 
the question whether increased iron deposits by themselves eventually produce 
the changes of hemochromatosis or whether additional factors must be present. 
This question is considered in the following discussion, though no definite con- 
clusions can be achieved with the information now available. 


MATERIALS AND METHODS 


Healthy, full-grown, mongrel dogs weighing 5.9 to 17.5 kilograms were used. The 
animals were housed in individual cages, and were fed commercial dog chow. During an 
initial period of observation the animals were given hexylresorcinol as a vermifuge. At 
intervals throughout the study the feees were tested for occult blood by Gregerson’s ben- 
zidine method46 and whenever blood was found, the vermifuge treatment was repeated. 
Weights were obtained at frequent intervals. 

Red cell counts were made at weekly intervals at first, and less frequently during 
the later phases of the study. Trenner red cell pipettes and counting chambers certified by 
the United States Bureau of Standards were used. Initially, hemoglobin was determined 
by the oxyhemoglobin method described by Evelyn‘? and in the last year of studies by the 
cyanmethemoglobin technique.48 Packed red cell volume was determined from arterial or 
venous blood. Serum iron was measured by a method previously described.49 The iron bind- 
ing capacity of serum was measured by the method of Rath and Finch5° or by that of 
Ventura.51_ Bromsulphalein retention as described by Gaebler52 and serum bilirubin by Wat- 
son’s modification of Evelyn and Malloy’s method53 were determined at 2-week intervals 
for 3 months and less frequently thereafter. 


Fractional serum protein determinations were 
performed by Weichselbaum’s method.54 


Several specimens of serum were analyzed by 
paper electrophoretic methods55 and scanned with a Spinco Analytrol. Fasting blood sugar 
determinations were done by a modified Nelson technique5¢ at approximately monthly intervals 
for 6 months, then Jess frequently. Oral glucose tolerance tests as done by Fajans and 
associates®7 were performed on 3 animals shortly before sacrifice. Absorption of radioactive 
iron was measured in 3 dogs.58 The utilization of intravenous tracer 
iron was also studied.59 


doses of ra ioactive 


A single lot of saccharated iron oxide* was injected intravenously into 4 dogs over 
a 6- to 10-week period. In order to avoid perivenous infiltration of the iron solution, the 
injection was begun with isotonic saline, which was allowed to flow into the saphenous vein 
from a small elevated reservoir. As soon as the saline was flowing freely, the desired amount 
of Ferrivenin (5 to 15 ml. containing 100 to 300 mg. of iron) was added. The last traces 
were washed into the vein by addition of saline to the reservoir. Injections were given 5 
times a week until a level of 0.5 Gm. or 1.0 Gm./Kg. was reached. 

Five dogs received transfusions of blood from compatible donors (determined by cross 
matching initially and after the third transfusion). At first the dogs were given washed 
red cells suspended in saline to about half the original whole blood volume. After the sud- 
den death of 3 of the dogs, whole blood was substituted for washed red cells because death 





*Ferrivenin, Lot No. 10369, Benger Laboratories, Limited, Holmes Chapel, Cheshire, Eng- 
land. 
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was believed to have been due to a rapid increase in concentration of erythrocytes in the 
circulation as the saline diffused out. When whole blood transfusions were substituted, 
sodium citrate rather than A.C.D. solution was used as a preservative and the blood was 
stored for 7 days before transfusion. These measures allowed more rapid red cell break- 
down and thereby relieved the load on the recipient’s circulation. As a further precaution, 
transfusions of 200 ml. of whole blood were given 3 times a week rather than a transfusion 
of the washed cells from 800 ml. of blood once a week. 

Transfusions to the two surviving dogs were continued for 6 to 10 months until an 
iron concentration of 0.5 Gm. per kilogram of body weight was attained. This iron level and 
those achieved with saccharated iron oxide were chosen to correspond to the concentrations 
of iron in patients with idiopathic hemochromatosis. 

Laparotomies were performed under Nembutal anesthesia on 6 dogs before beginning 
iron injections. Wedge biopsies were obtained of liver, spleen, pancreas, kidney, a mesenteric 
lymph node, muscle, and skin. Measurement of the iron concentration of the liver section 
and microscopic examination of all these tissues were made. Within a month after com- 
pletion of Ferrivenin injections a skin biopsy for iron analysis and histologic study was 
taken from the inner aspect of the thigh. Bone marrow samples were obtained by aspira- 
tion from the iliac crest or proximal femoral epiphysis. At approximately 6 months and 
again 3 years after the start of the experiment, laparotomies were performed and biopsies 
were taken of the organs previously mentioned. At death or sacrifice autopsies were per- 
formed as soon as feasible, usually within 3 hours of death.* Samples of tissue were ob- 
tained for histologic study and iron analysis from all the major organs at autopsy. All tissue 
samples were weighed within a short time of removal, the excess blood blotted off, and they 
were then wet-ashed with concentrated sulfuric acid. After digestion and dilution, the iron 
content was determined colorimetrically using the potassium thiocyanate (KSCN) method 
as described for serum iron determinations. Sections for histologie study were fixed in 10 
per cent neutral formalin and Zenker’s acetie solutions and stained with hematoxylin and 
eosin, and for iron with a modified Gomori stain,6° counterstained with Mallory’s basie 
fuschin, Selected sections were stained with Masson’s connective tissue stain, methylene 
blue, periodie acid-Schiff, acid-fast, and Sudan IV stains. 

RESULTS 

Survival.—Of the 4 dogs which received saccharated iron oxide, two dogs (6 
and 18) which had received 1.0 Gm. of iron per kilogram of weight were living 
and in good health at the time of sacrifice 81 and 84 months after the start of 
the experiment. One of the remaining animals that received Ferrivenin (17) 
died of intestinal obstruction due to biopsy-induced adhesions after 52 months, 
and the other dog (15) died in a laboratory accident 6 years after the onset 
of studies. 

Three of the dogs receiving red cell transfusions died within a month of 
starting transfusions. The two animals that completed their course of trans- 
fusions were followed for 6 and 7 years. Dog 10 died in the same laboratory 
accident as Dog 15. Dog 20 was sacrificed after 84 months of the experiment. 
The ages of the dogs at death are unknown. 

Reactions ——There was remarkably little reaction to single injections of 
large doses of saccharated iron oxide or to prolonged tissue iron accumulation. 
Weight was maintained or increased in all animals; appearance, vigor, and 
appetite remained good throughout the experiment. Only 3 immediate reactions 
of vomiting or diarrhea were seen in more than 150 injections of Ferrivenin. In 

*Two dogs (10 and 15) died at night when a steam pipe burst in their quarters; they 
were not autopsied until the next day when the accident was discovered. Considerable post- 
mortem autolysis occurred in the tissues of these animals, but the distribution of iron and 


lack of fibrous reaction in the various tissues seemed in every way comparable to the find- 
ings in the other dogs. 
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one dog, accidental perivenous infiltration of the iron solution resulted in a 
2 em. clean, flat-based ulcer on the leg which healed completely within 10 days. 
Fibrosis of the veins that occurred in most dogs toward the end of the course 
of injections was believed to be due more to the trauma of multiple venepunc- 
tures than to any sclerosing action of the iron solution. 


Transfusions of washed red cells suspended in saline were poorly tolerated 
and led to the death of 3 dogs. The exact cause of death is not known but 
premonitory signs of vomiting and diarrhea occurred shortly after completion 
of transfusions. Two of the dogs (13 and 19) were later found dead in their 
eages, but in the third animal (Dog 12) the events leading to death were ob- 
served. Despite normal temperature, pulse, and breath sounds, there was pro- 
gression to an involuntary running reflex, paralysis of the forelegs, and finally 
rhythmie convulsions. Adrenalin, oxygen administration, and phlebotomy were 
ineffective in reversing the reaction. Neither hemoglobinuria nor anuria was 
found; incoagulability of the blood was not present; and blood samples cross- 
matehed with those of the donor dogs revealed no agglutination or hemolysis. 
l'urthermore, autopsy examination revealed only marked congestion of all organs 
with no cause of death determined. 

When whole blood preserved with 4 per cent sodium citrate was substituted 
for the A.C.D.-preserved, saline-suspended, washed red cells no further unto- 
ward reactions were noted in 120 transfusions. No evidence of gross hemolytic 
reactions was noted following any transfusion. 

Unrelated to the iron administration was the occurrence in Dog 17 of a 
severe upper respiratory infection thought to be distemper. The infection was 
treated with penicillin and Aureomycin with complete recovery within 5 days. 
This animal, following its second laparotomy, had a complete wound dehiscence 
with herniation of the bowel and spleen. Early repair and vigorous antibiotic 
therapy resulted in prompt closure of the wound and complete healing, though 
the dog died several years later of intestinal obstruction due to peritoneal ad- 
hesions. 

Hematologic Response——Analysis of the red cell count, hemoglobin, and 
packed cell volume determinations reveals no marked variations from normal 
in the dogs given saccharated iron oxide. Dog 6 is representative of this group 
(Fig. 1). In all eases there was a moderate rise in the red count accompanied 
by a less distinct rise in hemoglobin and hematocrit 2 to 3 weeks after the initial 
administration of Ferrivenin. A marked fall of all blood values was noted in 
Dog 18 toward the end of the iron injections and similar but less marked pat- 
terns were seen for Dogs 6 and 15. In ail of these dogs complete restoration to 
normal was noted within 1 to 3 months after injections were completed. Dog 
17 showed little fall in any of the blood values during the injection period, but 
two months later had a definite decrease in all parameters with further accentu- 
ation at the time of an intercurrent bout of distemper. Within a month, recovery 
was complete. Subsequent determinations revealed only moderate fluctuations 
of blood counts. Since these dogs had normal blood values initially, there was 
no reason to expect any marked rise in red cell elements from iron administra- 
tion. On the other hand, the fall noted in some instances shows a variable 
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temporal relationship with the iron injections and it is impossible to determine 
with the data available the mechanism or causal relationship to iron administra- 
tion. 
DOG 6 9 705 KG 
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Fig. 1.—Effect of iron overload from injections of Ferrivenin on the blood counts, serum 


iron, body weight, and liver function of a dog observed 7 years. The amounts of iron injected 
intravenously are shown at the bottom of the chart. 

A severe plethora was produced in all the transfused dogs. In the two dogs 
which received the greatest number of transfusions red cell counts reached 
levels greater than 15 million. Hemoglobin values were correspondingly elevated 
to peak values exceeding 26 Gm. per cent. Packed cell volumes were also ele- 
vated. These findings are shown graphically for Dog 10 in Fig. 2. Within a 
month following the last transfusion into Dog 10, the red cell count fell from 
13 million to 6.5 million red cells per eubie millimeter and there were ecorres- 
ponding decreases in cell volume and hemoglobin values. <A similar, but less 
well documented, fall to subnormal values occurred in Dog 20. There was no 
evidence of external blood loss; the anemia seemed most likely to be due to either 
a profound depression of the bone marrow secondary to prolonged transfusions, 
or an increased capacity for red cell breakdown by the reticuloendothelial sys- 
tem, or to a combination of both factors. A similar phenomenon was reported 
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by Krumbhaar and Chanutin*t though they noted its occurrence during the 
course of transfusions and found it to be unaffected by splenectomy. 

Bone marrow aspirations were done on the dogs given saecharated iron 
oxide approximately one month after the course of injections. Except for slight 
hypoeellularity of both myeloid and erythroid elements in Dogs 15 and 18 and 
large granular aggregates of hemosiderin in all animals, no abnormalities were 
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’ Fig. 2.—Effect of iron overload from multiple transfusions on the blood counts, serum 
iron, body weight, and liver function of a dog observed 6 years. The amounts of blood 
transfused and the total iron content are shown at the bottom of the chart. 


noted. Enumeration of leukocytes, reticulocytes, and platelets was not done 
until after the completion of the period of intravenous iron injections.  In- 
termittent eosinophilia as high as 20 per cent was observed in most animals and 
was thought to be related to intestinal parasitism. No other significant changes 
were obtained on differential leukocyte counts. Reticulocyte and platelet 
counts taken at infrequent intervals were normal throughout the period of obser- 
vation. 

Serum Iron Response.—Within a week after injections of saecharated iron 
oxide were begun serum iron values rose to between 400 and 1,000 ng per cent 
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with approximately 80 per cent saturation.* A plateau was then maintained 
until the seventh week of injections when a further rise to peak values usually 
greater than 2,000 ng per cent with 97 to 100 per cent saturation was seen. Ex- 
eept for Dog 18, discontinuation of intravenous iron injections resulted in a 
prompt fall in serum iron, though per cent saturation remained almost 100 per 
cent in all animals. Normal serum iron and per cent saturation levels were 
reached about 6 months after injections were completed, and except for consist- 
ently subnormal values for both measurements at 33 months, erratic variations 
within the normal range occurred thereafter. 

Of the tranfused animals, Dog 10 behaved more nearly like those injected 
with Ferrivenin. The initial marked rise in serum iron and per cent saturation 
was related to the early massive amounts of blood this animal received. However, 
when blood was given in smaller quantities at a slower rate, both transfused dogs 
had only moderate rises in serum iron though the iron binding capacity re- 
mained saturated for prolonged periods. Except for its last measured serum 
iron, Dog 10 maintained low normal values from the eighth month onward. 
Serum iron and per cent saturation reached a low ebb in Dog 20 at 30 months 
and subsequently fluctuated within the normal range until the final low serum 
iron value at sacrifice. 

Acute changes in serum iron values were measured at intervals for 24 
hours after the intravenous injection of 100 mg. of Ferrivenin into 3 dogs. 
Two of these animals had received iron injections for a month, though no iron 
had been given for two days before measurement of acute serum iron changes; 
the third dog had received no previous iron injections. Prompt rise to extremely 
high serum iron levels (3,000 to 7,500 ne per cent) with complete saturation of 
the transferrin occurred uniformly at 30 minutes, followed by a rapid fall at 
2 hours and a return to approximately base-line values after 24 hours. 

Certain aspects of the serum iron changes in these dogs are worthy of 
emphasis. First, there were no evidences of toxicity despite transient elevations 
of serum iron above 7,000 ng per cent and sustained elevations greater than 2,000 
pe per cent. The upper limits of iron binding capacity in the dog are normally 
less than 500 pe per cent. Since even small amounts of unbound ionie iron pro- 
duce marked toxie reactions,®*" “* the extremely high levels observed without 
incident suggest (1) circulation of undissociated saccharated iron oxide, (2) 
marked elevation of the beta-1 globulin binding capacity, or (3) binding by other 
serum proteins. There is no evidence bearing directly on the latter two possi- 
bilities but presence of unsaturated iron binding capacity when serum iron levels 
were greater than 2,000 ng per cent strongly suggests circulation of undissociated 
saccharated iron oxide. Even more difficult to explain is the serum iron value 
of 1,032 ug per cent and 96 per cent saturation observed at 3 weeks in one of the 
transfused dogs (10). Unless contamination of the sample is postulated, one 
must assume circulation of ferritin or some hemoglobin breakdown product, 

*Per cent saturation is the quotient of serum iron and total iron binding capacity 
(=. . The total iron binding capacity is defined here as the sum of serum iron and un- 


saturated iron binding capacity. See following discussion for possible explanations why the 
iron binding capacity is not saturated despite such high serum iron values. 
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since the serum iron method does not measure iron present as hemoglobin. The 
plateau in serum iron after the initial high values from iron administration sug- 
gests the development of an increased clearing capacity that was later over- 
whelmed by the excessive iron load. After injections were discontinued, gradual 
clearance was achieved; overcompensation by clearing elements might have been 
present to account for the low normal values seen at 6 months. Somewhat sur- 
prising is the almost invariable desaturation of transferrin in the later periods of 
study despite the enormous tissue iron stores. Compared to the situation in 
human hemochromatosis or transfusion hemosiderosis where complete saturation 
is the rule, the storage iron in the dogs’ tissues appears to be bound more tightly 
and not in as free exchange with the serum iron compartment. 

Radioiron Studies.—The absorption of oral doses of radioactive iron was 
measured in 3 dogs with large tissue iron stores. Dog 18 was studied twice: 
initially, 3 months after completion of its course of Ferrivenin injections, and 
again 6 years later. Similar measurenients were made onee on Dog 6 about 614 
vears after Ferrivenin injections, and on Dog 20 approximately 514 years after 
completion of the series of transfusions. These values are tabulated (Table IT). 


TABLE II. ABSORPTION OF ORAL DOSE OF 1 MG./K@. oF RADIOIRON By Docs WITH IRON 
OVERLOAD 


MONTHS AFTER | 
LAST Fe ADMIN- | PER CENT OF ORAL | PER CENT OF ORAL 
| 








PER CENT 











| 
DOGS* ISTRATION DOSE IN BLOOD DOSEIN FECES | RECOVERY 
18 3 Lg 98.2 99.9 
75 0.7 93.2 93.9 
6 79 0.8 101.1 101.9 
20 77 1.2 97.4 98.6 


*Dogs 18 and 6 had received 1 Gm./Kg. of iron as Ferrivenin; Dog 20 had received 
0.5 Gm./Kg. of iron from multiple transfusions. 
Values for the absorption of comparable doses of orally administered radioactive 
iron in normal dogs vary from 0.8 to 8.8 per cent (average 5.8 per cent).®* It 
appears from the figures that in these dogs with massive tissue iron deposits 
there was a low rate of iron absorption, but iron that was absorbed was quickly 
utilized for produetion of circulating hemoglobin. 

Utilization for hemoglobin synthesis of intravenously administered radioac- 
tive iron (2.4 to 7.4 mg.) was measured in 3 dogs which had completed courses 
of saceharated iron oxide. Dogs 15 and 18 showed radioiron utilization values 
of 30 and 31 per cent, well within the normal range.*” Dog 17, however, showed 
a greatly depressed iron utilization curve correlated most likely with the eoin- 
cidental appearance of distemper. Similar depression of iron utilization has 
been reported in dogs and human beings during febrile illnesses.°* ** * If the 
curve for the dog with distemper is disregarded, the results of iron utilization 
studies on the other two animals suggest that despite the increased amounts of 
tissue iron, utilization of additional small amounts of intravenous iron was still 
within normal limits. 

Tests of Hepatic Function.—Periodie evaluation of hepatie function was 
made by means of measurement of Bromsulphalein retention and serum bilirubin 











December, 1957 


Lab. & Clin. Med. 


| 


4 


, AND MOORE 


) 
4 


BROWN, DUBACH, SMITH, REYNAFARJE 


‘ 


= 


pue !uluaAtiag JO “Sy/'uy ¢'9 


sso] syjuoU ¢ 


rT 
CT 


G 


‘dO1D | ‘A'IV 


Peal 


— 
-: 


+ +i 





AVOTHAAQ NOT HITA\ 


pey LL pue 


SI ojdures yous jo awl} 94} ‘aouNFT 





| 
| 


“dO1TD | “ATV 








SS0q_ NO SASAIVNY N 


‘SUOISNISUBIY B/dIV[NU 


OT 


8° 


“ATV 


LOYd WOAYAS IVNO 


“dOTS 





8 1 re 





woiy uoJl 
ULUVALIIO 


19410 984} UO BssOYy} JaIJeB SYyQUOU ¢g 


a 9° 
"> 


O'S 6¢ 
6G 8 
£°¢ 9°¢ 
C's Ce 


“HIV 


‘SyM/"wy 


uoJl 


6S 
“9 
[9 


pan} 


Ge 


NIaL | 
“OUd | 
IVLOL | 


x06 DOd 


VU ANV ‘IVLOL 





! 


OI oD oD 


CO tb Pb by HH tH 
sH oH od 05 


— 





pue QT ss0q 
9 Ss0q 

uMOYS }eY UB 
unseq SBM 07 SOq uo JUsUTTIGdXe BUD 





acai 
FS 
18 
6L 
FL 
L9 
OF 
€é 
LT 


| LNA WIWad Xa 


dO LUVLS 
YaLAV 
SHINOW 











yetame ” IRON TRANSPORTATION AND METABOLISM. X 875 
Number 6 

levels. To these tests serum protein determinations were added 17 months after 
the start of iron administration. Paper electrophoretic analyses of serum pro- 
tein patterns were also determined during the last 18 months of the experiment. 

All dogs had normal Bromsulphalein retention (less than 12 per cent at 30 
minutes) ®* except Dog 17 which had 22.4 per cent retention before any iron had 
been given, and Dog 18 which showed an isolated elevation of 13.7 per cent 5 
weeks after the start of iron injections. No pattern of even minor impairment 
of Bromsulphalein clearance could be discerned, nor were any differences noted 
between the animals given Ferrivenin and those transfused. Likewise, measure- 
ment of serum bilirubin failed to reveal abnormalities in any animal. The in- 
direct reacting fraction initially tended to be higher in the transfused animals 
in which large amounts of hemoglobin were being catabolized, but in no ease 
were total bilirubin values greater than 0.5 mg./100 ml. observed. The most 
striking changes in serum proteins occurred in Dog 20 which showed a gradual 
fall in total proteins, a marked terminal fall in albumin and a rise in globulins 
with reversal of the albumin-globulin ratio (Table III). Dog 18 likewise showed 
a progressive fall in total proteins due primarily to a fall in albumin but with 
no reversal of albumin-globulin ratio. Dog 17 likewise showed a progressive fall 
in total proteins in the three determinations performed. No conclusive patterns 
were discernible in the remaining animals. Analysis of paper electrophoretic 
separations of serum protein components coniirmed the marked changes described 
above, with the globulins increased mainly 11 th: gamma fraction. Less marked 
variations from normal were seen in the patterns of the other dogs. 

With the exception of the serum protein changes, all dogs showed no evi- 
denee of abnormal liver function whether they received saecharated iron oxide or 
transfusions. The reversal of albumin-globulin ratio demonstrated by Dog 20 
is the only change suggestive of cirrhosis; the protein changes in the other 
animals are nonspecific. Whether Dog 20’s deviation from normal is related 
to the multiple transfusions or to hepatie iron storage cannot be answered 
unequivoeally. 


Tests of Glucose Tolerance-—Abnormal glucose tolerance associated with 
iron overload of the pancreas and/or the liver was evaluated by means of re- 
peated fasting blood sugar determinations on all dogs and by oral glucose tol- 
erance tests in 3 animals. No elevation of fasting blood sugar was obtained on 
any dog throughout the experiment. If any abnormality could be found, it 
was a mild hypoglyecemie tendency. Each animal showed blood sugar levels 
of less than 50 mg./100 ml. at some time during its course. Patterns of blood 
sugar values were similar in dogs injected with Ferrivenin and those which 
were transfused. 

Approximately 80 months after the start of iron administration, oral glu- 
cose tolerance tests were done on Dogs 6, 18, and 20; the results are shown 
graphically (Fig. 3). Compared with normal dogs (shaded area), these ani- 
mals showed no significant deviation except for Dog 20. In this dog, the same 
one which showed albumin-globulin reversal, there was a moderate but sus- 
tained elevation of blood sugar throughout the 314 year period of study. While 
this curve reveals diminished glucose tolerance, it is not diagnostic of diabetes. 
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Thus, with one possible exception, prolonged iron overload from trans- 

fusions or injected saccharated iron oxide failed to produce any laboratory 
evidence of diabetes mellitus. 


Dogs 


160-4 


140-4 











120- 
100- 
BLOOD 
SUGAR 
mg. % 
6Of 
40- 
——*7 Dog 6 
o——© Dog 20 
20- o——e Dog |8 
LA. Normal Range 
T ' t T qT T 1 
1@) A | 15 2 2.5 3 3.5 


TIME in HOURS 


Fig. 3.—Oral glucose tolerance curves of three dogs with iron overload. Dogs 6 and 18 
had received 1.0 Gm. per Kg. of iron as saccharated iron oxide, and Dog 20 had received 0.5 
Gm. per Kg. of iron from multiple transfusions. The dose of glucose was 3 Gm. per Kg. of a 
20 per cent solution. The normal range of glucose tolerance is shown in the shaded area. 


Miscellaneous Observations.—Electrocardiograms were taken on Dogs 6, 
and 18 both 8 and 79 months after the beginning of Ferrivenin injections, and 
a single tracing was taken on Dog 20 at 76 months after the start of trans- 
fusions. The tracings were interpreted as being within normal limits. 

The insidious development of blindness was observed in all animals be- 
ginning about 3 years after the start of iron administration and proceeding to 
complete loss of light perception. Ophthalmoscopic examination shortly before 
sacrifice revealed multiple small opacifications in the vitreous, perivascular 
sheathing of retinal vessels and degenerative changes of retinal nerve cell lay- 
ers most marked at the periphery. These changes suggested that iron aceumula- 
tion in the eye produced a retinopathy similar to siderosis bulbi and retinitis 
pigmentosa. 

Two pups were born to Dog 6 approximately two years after the mother 
had received the 1 Gm./Kg. dose of saecharated iron oxide. These pups ap- 
peared to be normal, healthy animals and grew satisfactorily. At the time of 
sacrifice at 34 days of age both pups showed a mild anemia, and the large 
male pup had a serum iron level below normal. Despite the massive tissue 
iron concentration in the mother, there was no increase in the iron conecentra- 
tion of the pups’ tissues. Histologic sections of selected tissues disclosed no 
abnormalities. 
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Tissue Iron Determinations.—Measurements of iron concentrations of tissues 
that could be readily biopsied were made on several occasions in order to quan- 
titate the degree of iron accumulation and delineate any redistribution of iron 
that might oceur. At autopsy, iron estimations of the biopsied organs and of 
additional tissues not accessible to biopsy were made. Estimates of the iron 
content of the mejor anatomical divisions of the body were caleulated and by 
their summation an attempt was made to account for the iron administered 
parenterally. 

All four dogs which received saccharated iron oxide underwent laparotomies 
before the start of iron injections, and the iron content of liver biopsies was 
determined. Likewise iron analyses of liver samples were performed initially on 
Dogs 12 and 13 which died early in the course of transfusions. No pretrans- 
fusion liver iron determinations were made on Dogs 10 and 20 which ultimately 
survived the complete course of transfusions. However, in all dogs biopsied, 
the initial iron concentration of the liver ranged from 0.081 to 0.343 mg./Gm. 
of wet tissue with an average of 0.205 mg./Gm. These figures agree well with 
those given for normal dogs by Bogniard and Whipple.” 

Skin biopsies for iron analysis were obtained from the inner aspect of 
the thighs of all dogs which reeeived Ferrivenin one to four weeks after their 
course of injections had been completed. These biopsies contained iron in con- 
centrations varying from 0.160 to 0.386 mg./Gm.; the normal average is 0.025 
me./Gm. 

Laparotomies were again performed 6 months after beginning iron injec- 
tions on each of the 4 dogs which had received Ferrivenin, and for the first 
time on Dog 10 which had just completed its course of transfusions. Tissue 
iron estimations were made on biopsies of liver, spleen, pancreas, kidney, mus- 
cle, skin, and mesenterie lymph node. These values and those of later biopsies 
are shown in Table IV. 

Three years after the start of transfusions or Ferrivenin injections biopsies 
were repeated and samples of liver and spleen were analyzed for iron as before. 
No discernible pattern was evident in the changes of iron concentration of liver 
and spleen specimens from these repeated post-iron biopsies. One animal, Dog 
6, had consistently higher concentrations of iron in the liver than in the spleen; 
Dogs 18 and 10 showed the opposite pattern repeatedly; and Dogs 15 and 17 
showed reversals of maximal iron concentrations in liver and spleen on suceces- 
sive determinations. Despite the difference noted, it is clear that iron given 
to these dogs accumulated in high concentrations in both spleen and _ liver 
reaching values as much as 50 to 75 times normal. 

The concentration of iron in various tissues sampled at autopsy is given 
in Table V. Notable is the remarkable uniformity of iron values obtained from 
heart, brain, pancreas, and stomach in all dogs with or without excessive iron 
stores, emphasizing the absence of accumulation of iron in these organs. The 
moderate variations in iron econeentration of lungs, adrenals, and mesenteric 
nodes and the marked fluctuations in liver, spleen, bone marrow, and _ peri- 
pancreatic lymph nodes undoubtedly reflect true differences in iron deposition 
rather than sampling errors. These figures emphasize the predominant local- 
ization of iron in organs with large reticuloendothelial components. 
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TABLE V. IRON CONCENTRATION (MG./GM. WET WEIGHT) OF TISSUES OBTAINED AT AUTOPSY 
or NorMaAL Docs AND Docs WitrH IRON OVERLOAD 
NORMAL 


| | 
| | 





DOG 
| ( AVER- 
TISSUES DOG 6 bog 18 DOG 20 pog 10 | poG@ 15 | poG@17 | AGE) 

Liver 7.08 4.98 4.26 2.11 2.94 5.00 0.20 
Spleen 5.33 6.90 14.46 4.28 3.58 11.6 0.24 
Panereas 0.05 0.04 0.05 0.11 0.07 0.13 0.06 
Kidney 0.23 0.13 0.14 0.19 0.15 0.15 0.08 
Heart 0.04 0.05 0.06 0.09 0.07 0.07 0.07 
Lungs 0.22 0.14 0.20 0.36 0.36 0.26 0.25 
Stomach 0.06 0.04 0.04 perl a eae! 0.04 
Mesenteric node 0.35 0.16 0.27 0.36 0.24 ae 0.06 
Peripancreatie node 18.65 11.8 5.34 oe a 3.36 eres 
Vertebral marrow 2.22 8.53 1.63 0.66 0.66 i ee | selina 
Femoral marrow 4.04 2.46 0.98 —— ali wee 0.22 
Muscle 0.04 0.27 0.05 0.03 0.03 0.06 0.04 
Abdominal skin 0.03 0.14 0.03 0.29 0.09 0.01 0.03 
3rain 0.02 wee 0.01 0.03 0.08 0.07 0.02 
Kye 0.27 0.02 0.02 0.02 0.18 oe 0.01 
Thyroid 0.21 0.05 0.05 Se bins ee 0.06 
Adrenal 0.30 0.23 0.13 ae tac es 0.07 


An attempt was made to estimate total carcass iron from the product of 
the organ concentrations and weight plus estimates of skin, muscle, and bone 
marrow iron increments. To the careass iron estimates were added the iron 
loss from repeated blood sampling, and in Dog 6 the iron loss due to the birth 
of pups. The sum of this accountable iron was compared to the amounts of 
iron given each dog. As seen in Fig. 4, 37 to 73 per cent of the injected iron 
could be accounted for by such a ealeulation. Though greatest recovery was 
found in the two dogs receiving the largest concentrations of iron as Ferrivenin, 
recovery of iron seemed independent of length of survival or type of iron given. 

Some of the reasons for failure of complete recovery of administered iron 
can be enumerated. (1) There may be considerable error in estimating the 
iron content of muscle, skin, lymph nodes, and bone marrow since these organs 
cannot be easily weighed. (2) Sampling errors, despite duplicate -measure- 
ments, in tissues with high iron content such as liver, spleen, and bone marrow 
are magnified in total organ iron estimates. (3) An unknown, but possible ap- 
preciable loss of iron may have occurred via the gastrointestinal tract due to 
blood loss from intestinal parasites. Despite frequent tests for occult blood 
in the feces and repeated use of vermifuges, parasites were known to be pres- 
ent and were found at autopsy in two dogs. Loss of as little as 1 ml. of blood 
daily by this means would account for as much as 1.25 Gm. of iron during a 
7-year period. (4) Loss of saccharated iron oxide in the urine during the 
period of tremendously elevated plasma iron levels might further account for 
considerable iron loss. Measurement of radioiron exeretion acutely after intra- 
venous injection of 100 mg. doses of Fe°®-tagged Ferrivenin revealed approxi- 
mately 1 per cent exeretion in a normal dog and about 5 per cent excretion in 
a dog with massive iron overload. If one assumes an intermediate figure of 2 
per cent for these animals an additional 100 to 200 mg. of iron might have been 
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- Fig. 4.—Estimate of the iron recovered at autopsy from the tissues of 6 dogs with 
iron overload, plotted as per cent of the total iron injected. The total amount of iron given 
to each dog is indicated by the scale at the bottom of the chart. 
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Fig. 5.—Shifts in body iron observed in 6 dogs with iron overload, estimated from the 
iron found in successive biopsy specimens and in the tissues at autopsy. The time of the 
biopsy or the autopsy is given at the bottom of each column. In each case, the column 
farthest to the right represents the autopsy data. 
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lost by this route. (5) Finally, increased excretion of iron through normal 
channels by these dogs with massive iron stores may have occurred. Such a 
phenomenon has been reported in iron-heavy mice by Finch and associates.®* °° 
Since radioiron excretion studies were not performed on these animals, no 
answer can be given to this question. However, to account for the iron deficits 
noted by assuming increased excretion alone, one would have to postulate daily 
iron exeretion of 0.5 to 2.6 mg. Excretion values corresponding to the lower 
figure have been reported for dogs with phenylhydrazine-induced hemolytic 
anemia,*® but a level of iron exeretion high enough to explain the discrepancy 
between the iron administered and the iron recovered seems improbable. 
Furthermore, if a constant increased rate of iron exeretion occurred it 
should be possible to detect it by comparing estimations of the total careass 
iron at the time of the 6 and 36 month biopsies with that at autopsy. In order 
to make this comparison, certain assumptions are necessary; namely, (1) the 
weights of various organs remained constant throughout the experiment and 
were the same as at autopsy, (2) the iron content of organs other than liver 
and spleen remained the same as found at autopsy and (3) correction was 
made for iron withdrawn by blood sampling at the various times. Then the 
iron content of liver and spleen was calculated from the weights of these organs 
multiplied by their iron concentrations at biopsy or autopsy. To these figures 
were added the iron content of other tissues and the inerement due to blood 
sampling, and this total was compared to the amount of iron given during the 
course of the experiment. The results of such an analysis are presented in Fig. 
In Dogs 18, 15, 10, and 20 a progressive decline in liver iron was observed 
paralleled by a fall in estimated total careass iron recovery. 


a. 


Iron content of 
the spleen decreased progressively in Dogs 18 and 10, increased in Dogs 17 


and 20, and oscillated in Dogs 6 and 15. By these admittedly crude ealeula- 


tions, total body iron estimated from biopsy values exceeded the amounts given 
by 20 per cent on two oceasions. Thus, while recovery of iron at autopsy in all 
but one dog was lower than the estimated recovery earlier in the experiment, 
the evidence for a constant increased excretory loss is meager. 

Histologic Observations.—Throughout the course of the study, an effort 
was made to evaluate the sites of deposition of iron given parenterally and to 
delineate the histologie pattern of reaction to the increased tissue iron by re- 
peated biopsies of accessible tissues and by extensive sampling at autopsy. 


Control biopsies: The initial histologic sections of the dogs’ tissues obtained at laparot- 
omy before administration of iron revealed no abnormalities in the liver, spleen, pancreas, 
mesenteric lymph node, skeletal muscle, and skin. In none of the dogs was there any evi- 
dence of fibrosis or cirrhosis either by hematoxylin and eosin or connective tissue stains. Iron 
stains of these various tissue sections revealed a small amount of iron in the macrophages 
of the spleen and liver and rarely in the macrophages about the central sinusoids of the 
mesenteric lymph nodes. No evidence of hemofuscin was found in any section. 

Post-iron biopsies: Approximately one month after completion of Ferrivenin injections, 
skin biopsies were obtained on each of the 4 dogs. Iron deposition confined to the upper 
layers of the dermis, especially around the hair follicles, was the only noteworthy finding. 








Fig. 7. Fig. 8. 


Fig. 6.—Liver of Dog 10 one month after completion of transfusions. There are large 
aggregates of granules that react positively for iron (black in photograph) in clumps of 
macrophages in the sinusoids and finer deposits along the sinusoidal endothelium and within 
the hepatic cells. There is no fibrosis or hemofuscin. Gomori’s stain. (Magnification 595.) 

Fig. 7.—Kidney of Dog 6 four months after 1.0 Gm. per Kg. of Ferrivenin. Iron positive 
granules are present in endothelial cells of capillaries and in macrophages caught in the 
glomerular tuft. Gomori’s stain. (Magnification 595.) 

Fig. 8.—Kidney of Dog 10 one month after transfusions. Iron positive granules are 
present in tubular epithelium but not in the glomeruli. Gomori’s stain. (Magnification 595.) 
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A second laparotomy was done 4 months after Ferrivenin injections were completed 
(Dogs 6, 18, 15, 17) and additional biopsy specimens for histologic examination were ob- 
tained. In Dog 10 a laparotomy with biopsy of the aforementioned organs was performed 
approximately one month after completion of transfusions. Except for the sections of 
the kidney, the histologic appearance of the various organs was identical for the various 
dogs and was independent of the dose of iron whether administered as Ferrivenin or trans- 
fused blood. Sections stained with hematoxylin (H) and eosin (E) revealed marked pigmenta- 
tion of the liver, spleen, and mesenteric lymph nodes; considerably less pigment in pancreas, 
kidney, and skin; and practically no pigment in the skeletal muscle. There was no evidence of 
increased fibrous tissue in the liver, pancreas, or other organs when stained with either H 
and E or Masson’s stains, and there were absolutely no eirrhotie changes. Tron stains of 
the liver revealed hemosiderin to be deposited in coarse granules aggregated into clumps with 
focal distention of sinusoids and deposits in the portal triads. In addition to these larger 
deposits there was a diffuse, fine, granular deposition of iron in the hepatic parenchymal 
cells distributed uniformly throughout the lobule and in individual Kupffer cells (Fig. 6). 
Smailer amounts of iron were seen in the endothelium of the blood vessels, but no iron was 
found in the bile ducts. In the spleen, the iron was found in largest quantities in the 
macrophages of the sinusoids and to a lesser extent in the capsule, trabeculae, and beneath 
the endothelium of the blood vessels. No iron was seen in Malpighian corpuscles. Iron in 
the kidneys of the dogs given Ferrivenin (Fig. 7) was confined to a moderate amount in 
the glomerular capillary tufts with only a faint blue shade and rare, fine granules in the 
renal tubules. In contrast, the transfused dog showed small amounts of iron as fine blue 
granules in the proximal convoluted tubules with practically no iron seen in the glomeruli (Fig. 
8). The pancreas in both groups revealed only small amounts of iron confined to macrophages 
and the endothelial layers of the blood vessels. There was no iron deposition in the acinous 
or islet epithelial cells, and no evidence of other pigment suggestive of hemofuscin. Mesenteric 
lymph nodes showed large quantities of iron in the macrophages of the central sinusoids 
with a less marked pigmentation of the peripheral macrophages. Iron in the skin was con- 
fined to macrophages in the dermis, especially those around hair follicles, and was increased 
in amount compared to that seen it 


the skin biopsy sections taken 3 months previously. 
There was no iron or other pigmentation of the epidermis. The only iron seen in skeletal 
muscle sections was a faint blue cast to the capillary endothelium in one dog. No hemo- 
fuscin was seen in any of the sections. 


Laparotomies, with biopsies of abdominal organs previously described, were per- 
formed on all 6 dogs approximately 8 years after completing iron administration. His- 
tologic appearance of the tissues was identical to that seen at autopsy and a single descrip- 
tion will suftice. 


Autopsies: Gross examination revealed no free fluid in the pleural, pericardial, or 


peritoneal cavities of any of the dogs. Fibrous adhesions of the peritoneum were seen in 
most dogs at sites of old anterior abdominal incisions and organ biopsies. A distinct, rust- 
brown color was noted in the lymph nodes, pancreas, spleen, and kidney; the liver was a 
dark mahogany-brown. In the two dogs with post-mortem autolysis, a diffuse, shiny, black 
pigmentation, presumably due to iron sulfide, was present in all abdominal organs and 
with greatest intensity in the intestines. In two dogs Ascaris infestation was demonstrated 
in the upper portion of the small intestine. A single laminated gallstone was found in the 
gall bladder of Dog 6. No abnormalities of heart, lungs, great vessels, brain, or other 
organs were apparent grossly. 

Microscopic appearance of the tissues of all dogs is described in composite fashion 
except in those cases where distinctive changes were present. The basic 


architecture of 
the liver was normal] 


(Fig. 9) with no evidence of cirrhosis or even increased fibrous tissue 
The iron was present principally in large compact clumps of heavily laden 
macrophages (siderophages) which were present at random sites in the sinusoids and in large 
masses in the portal triads. Individual Kupffer cells also contained moderate amounts of 


in any animal. 


iron. There was only the faintest hint of fine hemosiderin granules in the liver parenchymal 











Fig. 10. Fig. 11. 


Fig. 9.—Liver of Dog 6 at autopsy 84 months after 1.0 Gm. per Kg. of Ferrivenin. Iron 
is present almost entirely within clumps of macrophages in the sinusoids and portal spaces. 
There is no fibrosis or disturbance of lobular architecture. Hematoxylin and eosin. (Mag- 
nification X<290.) 

Fig. 10.—Liver of Dog 6 at autopsy (same section as Fig. 9). There are no iron 
granules in the hepatic cells or epithelium of the bile ducts. Hematoxylin and eosin. (Mag- 
nification 595.) 

Fig. 11.—Spleen of Dog 6 at autopsy. Clumps of macrophages filled with iron occur 
throughout the red pulp but especially at the perimeters of the follicles. Hematoxylin and 
eosin. (Magnification x290.) 
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cells and no evidence of iron in the bile ducts (Fig. 1¢). The principal change from the 
earlier biopsies consisted of a more compact concentration of reticuloendothelial (R.E.) ele- 
ments loaded with iron and a fading of what slight evidence there had been previously of 
iron in the epithelial tissue. No hemofuscin was seen in liver sections of any dog. 

Sections of spleens (Fig. 11) showed huge clusters of iron-laden macrophages plus 
scattered single macrophages throughout the red pulp with no such cells in the follicles. There 
was a thick reticulum about the sinusoids of the red pulp. Deg 20 showed scattered mega- 
karyocytes in the red pulp. 

Lymph nodes were similar to those previously described at biopsy, showing heavy con- 
centrations of siderophages in the central and peripheral sinusoids and cords of lymphoid 
tissue but not in the follicles. Some nodes showed siderophages in the capsular connective 
tissue. The amount of iron varied from node to node, though highest concentrations were 
uniformly seen in peripancreatic nodes. There was no evidence of fibrosis in any node ex- 
amined. 

No fibrosis, atrophy, or iron deposition in epithelium of ducts, islets or acini of the 
pancreas was found (Fig. 12). An occasional iron-filled macrophage was present at random 
sites in the intralobular connective tissue. 

The kidneys were of basically normal appearance. Iron granules in the glomerular 
capillary tufts in the biopsy sections of dogs injected with Ferrivenin had entirely disappeared. 
The only remaining iron was seen in an occasional interstitial R.E. cell in the cortex or as a 
faint blue granular staining of occasional cells in the proximal convoluted tubules. More 
frequently tubular epithelium contained a brown noniron pigment that was probably some 
form of urochrome. Calcification of tubules in a small area of medulla was noted in 2 dogs 
with moderate numbers of siderophages associated with a slight inflammatory reaction in the 
area. No nephritic lesions of the glomeruli were seen. The urinary bladder of Dog 6 showed 
chronic cystitis in which siderophages had accumulated in association with the lymphocytic 
infiltrate in the lamina propria. In Dog 18 there was the barest evidence of the residue of a 
similar process with scattered siderophages in the lamina propria. 

No abnormalities, except for incidental fatty infiltration of the myocardium in Dog 20, 
were observed in the hearts of these dogs. No stainable iron was seen. In the lungs iron- 
containing macrophages were seen in the alveolar walls. The location of these macrophages 
suggested that they were R.E. cells that had been trapped in the alveolar capillaries rather 
than iron-laden macrophages in the alveolar lumens seen in chronic congestion or the scavenger 
cells which accumulate in lymphoid channels along bronchial trunks. Dog 6 showed an inci- 
dental calcified subpleural nodule; Dog 18 showed a heavy amount of anthracosis; and Dog 20 
showed several focal granulomas of nonspecific etiology. 

Bone marrow from ribs, vertebrae, and femur showed clumps of heavily laden sidero- 
phages seattered at random throughout the marrow. There appeared to be normal marrow 
cellularity in all animals, though Dog 6 seemed to have some reduction in erythroid elements. 
The bone was of normal appearance. 

All sections of the brain and spinal cord were remarkable only for scattered siderophages 
in the pia-arachnoid and rarely beneath the ependyma or in the stroma of the choroid plexus. 
There was no evidence of iron deposition in neurons, ependymal cells, or epithelium of the 
choroid plexus. 

Skeletal muscle showed no abnormalities and no iron in any of the sections studied. In 
the adrenals, thyroid, pituitary, and salivary glands there were no structural abnormalities. 
[ron was present 


in isolated macrophages in the interstitial tissues but none was seen in 
epithelial cells. 


In one dog, a noniron-containing fuchsinophilic, brown pigment was found 
in the epithelial cells of the thyroid. 

The testes of Dog 20 were almost completely atrophied and fibrotic with persistent 
islands of interstitial cells. Iron-laden macrophages were present in looser areas of the sear. 
In the prostate of this animal there were foci of chronic interstitial inflammation within which 
were scattered siderophages. In the ovaries of Dogs 6 and 18 there were rather heavy masses 
of siderophages in foci in the stroma and in corpora albicantia but not in more recent follicles 


or corpora lutea. In the uterus of one dog there were siderophages scattered throughout the 
stroma of the endometrium. 











Fig. 12. Fig. 13. 





Fig. 14. 


Fig. 12.—Pancreas of Dog 18 at autopsy 81 months after 1.0 Gm per Kg. Ferrivenin. 
There is no evidence of atrophy or fibrosis. Only occasional granules of iron are present in 
scattered interstitial macrophages. Hematoxylin and eosin. (Magnification 290.) 

Fig. 13.—Stomach of Dog 6 at autopsy. The coarse granular and fine refractile forms of 
the pigment with the staining reactions of hemofuscin are present in and between the cells 
of the muscularis. Turnbult blue stain with basic fuchsin counterstain. (Magnification 
595.) 

Fig. 14.—The retina from Dog 18 at autopsy. There are characteristic changes of 


retinitis pigmentosa with many Cells containing retinal pigment and a few with iron. Hema- 
toxylin and eosin. (Magnification 250.) 
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Breast tissue from two female dogs revealed siderophages in the interstitial tissues of 
the lobules and a few granules staining for iron in the epithelial cells, especially in obstructed, 
dilated, and atrophic ducts and lobules. 

Sections of tongue and esophagus were not remarkable except for a few small nonspecific 
granulomas in the lamina propria and muscularis of the tongue in Dog 20. Throughout the 
remainder of the gastrointestinal tract the mucosa showed no pathologic changes except for 
very rare siderophages in the lamina propria. These were most numerous just above the 
mucularis mucosa in the upper intestine. A chronic gastritis represented by an unusually 
abundant lymphocytic and plasmacytic infiltration in the lamina propria was seen in Dog 20. 

Beginning in the stomach and extending throughout the small intestine and colon, there 
was a moderate to heavy deposition of noniron-containing pigment in the muscularis. The 
intensity of this pigmentation was maximal in the upper small intestine; it was greatest in 
Dog 6 and least in Dog 20. What was apparently the same pigment was deposited in two 
forms (Fig. 13). The first was a golden brown, intense staining of the cytoplasm of mononu- 
clear wandering cells that were present in small groups along and betwen the smooth muscle 
fibers. The second form was a glossy brown, finely granular and rather rarefied form that 
appeared in swollen and vacuolated muscle cells adjacent to the sites of interstitial deposition. 
This pigment showed no fluorescence; it stained heavily with basic fuchsin, methylene blue, and 
periodic acid-Schiff stains but did not stain with iron or acid-fast reactions except for oc- 
casional acid-fast granules, nor with Sudan IV on sections embedded in paraffin. Except 
for the presence of a similar pigment in the muscularis of the gall bladder in one dog and 
minute amounts in the blood vessels of pancreas and salivary glands, this pigment was recog- 
nized only in the smooth muscle of the gastrointestinal tract and the epithelium of the thyroid. 
Where deposits were particularly heavy there was an accompanying infiltrate of plasma cells 
and lymphocytes between the muscle fibers. The infiltrate seemed to be secondary because 
it was not present in sites of less intense pigmentation. 

As mentioned above, the gall bladder of one dog (6) showed a glossy brown pigment 
in the cells of the muscularis similar to that described in the smooth muscle of the gastroin- 
testinal tract. 


In all dogs the only evidence of iron was in a few macrophages in the lamina 
propria. 


The eyes of all dogs, whether they received iron as saccharated iron oxide or as transfused 
hemoglobin, showed changes characteristic of retinitis pigmentosa (Fig. 14). 
consisted of marked glial proliferation of the retinal nerve cell layers; degeneration of the 
migration of moblized retinal pigment epithelia into the retina, tapetum 
lucidum, and choroid; and very rare iron-containing macrophages. 


These changes 
choriocapillaris ; 
In one dog (20) lenticular 
opacification was also noted. 

From the histologic findings just summarized certain features bear empha- 
sis. First, the histologic appearance of all organs studied, with the single ex- 
ception of the kidney was identical whether iron was given as hemoglobin or 
as saccharated iron oxide. Second, the distribution of iron was predominantly 
reticuloendothelial, with huge aggregates in liver, spleen, bone marrow, and 
lymph nodes and smail amounts in scattered macrophages in interstitial tissues 
wherever R.E. elements might be present. Epithelial cell iron deposition was 
confined to small amounts in the liver, occasional renal tubular cells, and the 
breast. Third, increased iron deposition was found wherever there were sites 
of old inflammation or trauma such as cystitis, interstitial nephritis and in old 
ovarian follicles. Whether these sites of predilection were the result of the 
attraction of iron-laden wandering macrophages to sites of inflammation or 
whether iron from hemorrhage at these sites was picked up by R.E. eells 
but never moved away because of the saturation of usual depots of removal 
eannot be answered definitively. Fourth, no evidence of increased fibrosis or 
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cirrhosis could be found in any organ examined. Fifth, a pigment with stain- 
ing characteristics most nearly like those of the lipochrome hemofuscin was 
found in smooth muscle layers of gastrointestinal tract, in one gall bladder 
and in the epithelium of the thyroid and salivary glands. The source and sig- 
nificance of this pigment are unknown. Finally, lesions in the eyes severe 
enough to produce blindness and pathologically similar to those of the end 
stages of retinitis pigmentosa were present in all dogs that survived to the 
end of the experiment. It is true that the causal relationship between iron 
deposition and the retinal changes is not proved, but additional unpublished 
evidence suggests it to be present. Prolonged tissue iron overload in these 
dogs was remarkably well tolerated and produced minimal histologic alterations. 


DISCUSSION 


Despite the use of large doses of iron and periods of follow-up longer 
than have ever previously been described, our attempts to produce hemo- 
chromatosis in dogs have failed just as have those of other investigators. Re- 
peated failure in such attempts prompts a search for a possible explanation, 
or at least a reorientation of the facts so that future experiments may be re- 
designed for greater success. 

One of the more plausible explanations for the failure to produce hemo- 
chromatosis in these and other animals is that there may be a species difference 
whereby man is unique in his reaction to iron, and a similar response can- 
not be elicited from any other animal. However, it would be reasonable to imag- 
ine that some species of experimental animal of those tried would react to 
excess iron with cirrhosis and pancreatic fibrosis. Furthermore, the dog 
would seem particularly likely to respond to excessive iron in a manner similar 
to that of man since many similarities in the iron metabolism of the two species 
have been defined.** °* *°-*4 However, species specificity cannot be ruled out 
by the data available. 

Other possible causes for failure in the experimental induction of hemo- 
chromatosis might be related to inadequate dosage of iron and insufficient length 
of follow-up. Many investigators have employed amounts of iron below those 
found in patients displaying symptoms of idiopathic hemochromatosis, though 
our experiments and several others'*-** *? provided tissue iron concentrations 
comparable to those of the human disease. Furthermore, even higher doses of 
iron (2.5 to 3.5 Gm./Kg.) have failed to produce hemochromatosis in dogs 
which died in 6 to 9 months.*° Premature sacrifice or inherently inadequate 
longevity may be cited as further objection to many experimental attempts. 
These are, indeed, valid objections in many cases, though the 4 years Polson 
followed his rabbits'* and the 7-year period in the life of our dogs might be 
expected to telescope the aging changes to approximate the conditions produced 
by 45 years of iron overload in idiopathic hemochromatosis, the 20 to 40 years 
in the Bantu, and the 2- to 10-year period in patients receiving multiple trans- 
fusions. 

Particular objection might be made to the schedule of iron administration 
used in the present study. It could be argued that giving the total amount of 
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iron within a few weeks, and then giving no more iron during the long period 
of observation, might somehow alter the tissue reaction to it. Giving small 
doses of iron throughout the entire period of observation might have changed 
its distribution and caused tissue damage. Several retutations to this type of 
objection are apparent. First, the same dose of a toxie substance is generally 
more likely to cause damage when given rapidly than when spread out over 
a long period of time. The rapidity of iron accumulation has been thought to 
accentuate the earlier onset of symptoms in young patients with idiopathic hemo- 
chromatosis’® and in patients receiving multiple transfusions.** Second, if the 
supposition were made that prolonged administration of small doses of iron 
might eventually overwhelm the body’s defenses or reparative processes, it 
would seem likely that short massive doses might accentuate this effect and be 
evident at the time of the first biopsy, but that was not the ease. Third, in- 
vestigators who used a technique of iron administration in which small inere- 
ments were given for long periods produced results no different from ours. 

The localization of the administered iron almost exclusively in the reticulo- 
endothelial system of various experimental animals with little redistribution or 
spillover to the parenchymal cells might also be a factor in the failure of ex- 
perimental production of this disease. Certainly, parenchymal distribution of 
iron is one of the hallmarks of idiopathic hemochromatosis. Iron introduced 
by the intravenous, intramuscular, or subcutaneous route is.to a major degree 
first seized by R.E. cells which may effectively ‘‘lock it up’’ preventing its 
entrance into the parenchymal cells and eliminating critical tissue damage. 
Achieving appreciable parenchymal localization of iron in experimental animals 
has been a major difficulty, and has been seen best when iron has entered the body 
from gastrointestinal absorption. Unfortunately, the amounts of tissue iron 
have been smallest and the periods of follow-up generally the shortest in these 
experiments; hence, extension of this type of approach might be profitable. How- 
ever, intraperitoneal injection should partially by-pass the reticuloendothelial 
barrier and experiments using this route have been unsuccessful in producing 
the lesions of hemochromatosis in mice,®® rabbits,’? and dogs.*° Furthermore, 
iron from multiple transfusions in human beings apparently spills over from 
its predominantly reticuloendothelial storage sites in a small proportion of 
patients, independent of the number of transfusions or the duration of iron 
overload. In our dogs both the concentration of tissue iron and the duration 
of overload were greater than that of most of the reported human eases, and 
no similar spillover was seen. As will be pointed out later, factors in addition 
to iron in human beings may account for the difference. 

Finally a healthy skepticism should be maintained regarding the role of 
iron as the sole cause of the changes of hemochromatosis. This skepticism has 
been voiced by many investigators'**'® * * ** though recently other authorities 
have disagreed.*® Much of the reason for disagreement has stemmed from the 
nomenclature of diseases associated with excessive tissue iron deposits. How- 
ever, in the idiopathie heredofamilial disease, increased absorption of iron and 
its deposition predominantly in the parenchymal cells of the liver and other 
organs of the body may be only a by-product of an inborn metabolic error. 
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The cirrhosis of the liver and the pancreatic and splenic fibrosis that accom- 
pany the iron deposition in these sites may not have been caused by the iron at 
all. The abundance and easy identification of tissue hemosiderin deposits 
may have blinded us to the subtle subcellular changes or the poorly studied 
biochemical alterations at the enzymatie level. Support for such an iconoclastic 
point of view is available from several observations. Foremost, of course, is the 
failure to induce the disease by iron administration to experimental animals 
despite all the qualifications just discussed. Of equal weight is the disparity 
between the amount of iron in tissues and reaction to it in the Bantus,*'? and 
in patients receiving multiple transfusions. Numerous studies of the Bantus 
have emphasized the differences between the clinical and pathologic features of 
their excessive iron deposition and those of patients with idiopathic hemo- 
chromatosis. There appears to be a complete lack of correlation between the 
amount of iron and cirrhosis, fatty changes in the liver, and pancreatic lesions 
in the Bantu. Likewise, in the few patients with transfusion hemosiderosis whose 
clinical course and tissues at autopsy are indistinguishable from those of the 
idiopathic disease, factors other than excessive tissue iron may play a major 
role. Some of these factors may be chronic anemia, frequent febrile transfusion 
reactions, viral hepatitis, and severe nutritional disturbance. Still other entirely 
unknown factors that allow the transfer of iron from reticuloendothelial de- 
posits to parenchymal cells may be necessary. 

The suggestion that iron alone may not be the cause for the tissue damage 
in these various conditions does not eliminate the possibility that excessive tissue 
iron may aggravate damage initiated by other factors as yet unknown. Indeed, 
it would be difficult to imagine any material, however inert, which would not 
exert harmful effeets if present in tissues in large enough concentrations. 

Thus, until the fundamental cellular derangements of hemochromatosis 
ean be delineated and the pathogenesis of the fibrosis and the specifie localization 
of iron as well as the cause for its excessive absorption defined, it might be 
more profitable to shift attention from the large tissue iron accumulations to 
the enzyme systems of the involved parenchymal cells in an effort to determine 
why iron loealizes there and what effect it exerts. 


SUMMARY 


The effects of iron overload in dogs were studied for prolonged periods (4 
to 7 years). Four animals were given iron intravenously as saccharated iron 
oxide: two were transfused with whole blood. The total dose was 0.5 or 1.0 Gm. 
of iron per kilogram of body weight. 

No evidence of cirrhosis could be found by liver function tests or by his- 
tologie sections at biopsy or autopsy. There was no diabetes or pancreatic 
fibrosis. Heavy iron deposits were found predominantly in reticuloendothelial 
cells. There was no evidence of any fibrous tissue reaction. 

Blindness developed in all of the animals, the eye lesions resembling those 
of retinitis pigmentosa. With this exception the tissue iron overload was re- 
markably well tolerated. 
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Hematologic changes were plethora (in the transfused dogs) and serum 
iron elevations to values 20 times normal. 

From the chemical estimation of the tissue iron in biopsy and autopsy 
specimens there is no evidence that redistribution of the iron load oceurred. 
From 37 to 73 per cent of the administered iron could be accounted for. 

The failure to produce hemochromatosis with the large amounts of iron 
injected and the prolonged period of observation leads to the following con- 
clusions : 


1. The manner of administering the iron to these animals allowed the 
reticuloendothelial cells to remove it effectively and prevent parenchymal loeal- 
ization. 

2. There may be a species difference between man and the dog which makes 
it possible for the dog to tolerate easily amounts of iron which in man might 
produce hemochromatosis. 


3. The role of iron in causing the tissue damage of hemochromatosis may 
well have been overemphasized, e.g., iron may simply be deposited at the site 
of tissue injury which has been initiated by other agents. 
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STUDIES OF ERYTHROCYTE OSMOTIC FRAGILITY IN 
IRON DEFICIENCY ANEMIAS 
Sigmunp N. Grocu, M.D.,* anp Davin G. Hanion, M.D.** 
RocHESTER, MINN. 


ORPHOLOGICALLY, there is no certain way to distinguish iron deficiency 
anemias from the trait form of hereditary leptocytosis (thalassemia minor), 
since in both conditions examination of stained smears of the peripheral blood 
will reveal hypochromasia, microcytosis, and often, “target” erythrocytes. Baso- 
philie stippling may be present in either condition. It is well known that the 
erythrocytes of patients who have hereditary leptocytosis show an increased re- 
sistance to hemolysis in decreasing strengths of hypotonic solutions of sodium 
chloride,’ and the demonstration of this fact has been cited as evidence support- 
ing the diagnosis of this condition. 
This study is an attempt to assess whether or not studies of erythrocyte 
osmotic fragility, done routinely, are of help in distinguishing the anemia of 
iron deficiency from the trait form of hereditary leptocytosis. 


METHODS AND MATERIALS 

Twenty-seven patients with hypochromic microcytic anemias of known causation were 
selected for study. In each instance a cause for iron deficiency seemed apparent; the vast 
majority of patients had an obvious source of chronic loss of blood. Specimens of the 
blood of each of the 27 patients were then subjected to a study of erythrocyte osmotic 
fragility, and in 13 cases reticulocyte counts also were performed. 

By the method used in the laboratories of the Mayo Clinie the normal range of 
hemolysis of erythrocytes in hypotonic solution of sodium chloride extends from 0.44 per 
cent solution of sodium chloride (initial hemolysis) to 0.30 per cent solution of sodium 
chloride (complete hemolysis). 


RESULTS 
The results of studies of erythrocyte osmotic fragility can be seen in Table 
I. In all but one of the 27 patients, hemolysis continued beyond 0.30 per cent 
solution of sodium chloride and in 10 patients hemolysis was incomplete at 0.28 
per cent, at which concentration the test was discontinued. It should also be 
noted that in 10 eases, hemolysis did not appear until a dilution of greater than 
0.44 per cent solution of sodium chloride was used, and in 2 eases hemolysis did 
not occur until a dilution of 0.36 per cent solution of sodium chloride had been 
reached. It is of interest that in 5 cases there seemed to be some increase in 
fragility, for initial hemolysis appeared in dilutions of less than 0.44 per cent 
solution of sodium chloride. 
COMMENT 


This study clearly demonstrates that the erythrocytes of patients with iron 
deficiency anemia exhibit an increased resistance to hemolysis in decreasing 
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strengths of hypotonic solution of sodium chloride. Reimann 
in a similar study of 21 cases of iron deficiency anemia, also were 
strate such an increased resistance. 


and Arkun,” * 
able to demon- 
In addition, they observed that the curve of 


TABLE I. Source or Boop Loss, MorPHOLOGIC ASPECTS OF PERIPHERAL BLOOD AND RESULTS 
oF STUDIES OF ERYTHROCYTE OSMOTIC FRAGILITY IN CASES OF IRON DEFICIENCY 
Bioop Loss 


o7 


ae | 


RETICULO-| _ 








CYTE | FRAGILITY TO HYPOTONIC 
| MORPHOLOGY IN STAINED| COUNT | SOLUTION OF SODIUM 
SMEAR OF PERIPHERAL (PER | CHLORIDE (RANGE IN 
CASE DIAGNOSIS BLOOD CENT ) PER CENT) 
1. Indeterminate lesion, left Marked hypochromic, 0.42 to 0.28 (incom- 
kidney microcytie picture plete) 
2 Multiple peptic ulcers Severe hypochromasia, 0.42 to 0.28 (incom- 
‘-onsiderable polychro- plete) 
masia 
3. Carcinoma, cecum Marked hypochromasia, 0.44 to 0.28 
microcytosis 
t. Multiple peptic ulcers Moderate hypochromasia 0.46 to 0.28 
5. Prematurity, with hypo- Severe hypochromic, 0.50 to 0.28 (incom- 
chromie anemia microcytie picture plete) 
6. Postgastrectomy iron Hypochromic microcytie 0.46 to 0.28 
deficiency anemia picture 
7. Peptie esophagitis, with Severe hypochromasia 0.46 to 0.28 
ulceration 
8. Hypernephroma Moderate hypochromasia 0.44 to 0.28 
9. Hemorrhagic gastro- Severe hypochromie, 0.36 to 0.28 (incom- 
jejunal uleer microecytie picture plete) 
10. Nontropical sprue Hypochromasia and 0.44 to 0.28 (incom- 
polychromasia plete) 
11. Chronie duodenal uleer, Microcytic, hypochromic 0.38 to 0.28 
bleeding picture 
12 Postgastrectomy iron Marked hypochromic, 0.44 to 0.28 (incom- 
deficiency anemia microeytie picture plete) (serum iron 
5 mg.) 
13 Gastrie ulcer Hypochromasia, micro 0.46 to 0.30 
cytosis 
14. Chronic ulcerative colitis Moderate hypochromasia i 0.42 to 0.28 
15. Chronic ulcerative colitis Moderate hypochromasia 6.7 0.40 to 0.28 (incom- 
plete) 
16. Chronie uleerative colitis Hypochromasia, poly- 1.6 0.42 to 0.28 
chromasia 
17 Bleeding diaphragmatic Moderate hypochromasia, 0.42 to 0.28 
hernia polychromasia 
18. Bleeding duodenal uleer Moderate hypochromasia 2.9 0.44 to 0.28 (incom- 
plete) 
19. Careinoma, right colon Hypochromasia with 2.4 0.42 to 0.28 
polychromasia 
20. Tron deficiency anemia Moderate hypochromasia 2.9 0.36 to 0.28 
due to menorrhagia 
21.  Menorrhagia, anemia Moderate hypochromasia, 1.9 0.44 to 0.28 (incom- 
slight microcytosis plete) 
22. Diverticulitis Marked hypochromasia 0.5 0.44 to 0.28 
23. Abdominal careinoma- Mild hypochromasia 1.6 0.44 to 0.28 
tosis 
24. Hereditary hemorrhagic Moderately severe hypo 1] 0.44 to 0.28 
telangiectasia, loss of chromasia, polychro- 
blood masia 
25. Chronic ulcerative colitis Moderate hypochromasia 2.9 0.40 to 0.28 (incom- 
plete) 
26. Chronic ulcerative colitis Moderate hypochromasia Dee 0.44 to 0.28 
27. Incomplete abortion, Hypochromic, microcytic 2.5 0.40 to 0.28 


hemorrhage 


smear 
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hemolysis in this condition often is spread beyond the normal on both sides, so 
that increased fragility also may be present. This occurred in some cases studied 
in this series, although the degree was not striking. 

The physiologic basis for increased resistance to hypotonic solutions of 
sodium chloride is not perfectly understood. Dameshek and Schwartz* and 
Stephens® pointed out in separate papers that the reticulocyte is less fragile than 
the more mature erythrocyte, and, therefore, is more resistant to hemolysis in 
decreasing strengths of hypotonic solutions of sodium chloride. Other workers, 
however, feel that the opposite more probably is true.” * In many of the eases in 
the present series reticulocytosis was present, but it is doubtful that this could ex- 
plain the inereased resistance to hypotonic solutions of sodium chloride which 
was present. 

Numerous investigators*'° have found that the erythrocyte serves as a per- 
fect osmometer. Since the erythrocyte in iron deficiency anemias possesses a 
surface area proportionately greater than its cellular contents, the ratio of 
volume-to-surface area is low, and increased osmotic resistance results. 

Whatever the cause, suffice it to say that increased osmotic resistance to 
hypotonie solutions of sodium chloride definitely can be demonstrated in the 
presence of iron deficiency anemia. Therefore, the demonstration of increased 
resistance by routine studies of erythrocyte osmotic fragility is of little or no 
value in attempts to distinguish the trait form of hereditary leptocytosis from 
iron deficiency anemias. 

SUMMARY 

Studies of erythrocyte osmotie fragility were performed in 27 cases of 
iron deficiency anemia of known causation. It was adequately demonstrated that 
increased osmotic resistance to hypotonic solutions of sodium chloride occurs in 
this type of anemia. Studies of erythrocyte osmotic fragility, therefore, are of 
little or no value in attempts to distinguish the trait form of hereditary lepto- 
cytosis from iron deficiency anemias. 
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URINARY EXCRETION OF ACID MUCOPOLYSACCHARIDES BY 
PATIENTS WITH LUPUS ERYTHEMATOSUS 


N. Dr Ferrante, M.D.,* W. C. Ropprns, M.D.,** Anp C. Ricu, M.D. 
New York, N. Y. 


EVERAL diseases, including lupus erythematosus and rheumatic fever, 

have inflammatory lesions of connective tissue. It has been shown that 
acid mucopolysaccharides (APS) are present not only as important constit- 
uents of connective tissue’ but oceur in the blood? and urine.*** The APS 
of normal human urine consists almost entirely of chondroitin sulfate and 
hyaluronic acid.» ® The amount exereted per day has been determined for 
normal adults and children,* * 7 and increased excretion of APS has been ob- 
served in patients with rheumatoid arthritis.* * This study shows that the APS 
exeretion by patients with lupus erythematosus is much greater than normal. 
It is suggested that the observed changes in the rate of APS excretion may be 
related to the inflammatory processes characteristic of this disease. 


MATERIALS AND METHODS 

This study was conducted on 5 women between the ages of 19 and 50, who had had 
the typical signs and symptoms of lupus erythematosus for periods varying between 5 
months and 10 years. The L. E. cell phenomenon was sharply and repeatedly positive 
except in one patient (A. Y.) where it was weakly positive on two occasions. In each 
case the patients were hospitalized because of high fever and acute polyarthritis. Three 
of the patients (F.-B., R. deA., and N. G.) also had joint changes of the type seen in 
rheumatoid arthritis but in no patient was there either an abnormal increase in sensitized 
sheep cell agglutinins or a positive gamma globulin precipitation test.9 

Three of the 5 patients had renal involvement. In two (F. B. and N. G.) it was 
mild and was manifested only in slight albuminuria, microscopic hematuria, and cylin- 
druria. One patient (R. deA.) had the nephrotic syndrome with severe albuminuria and 
elevated serum lipids. None of the patients had an elevated level of blood urea or de- 
creased urea clearance. 

All of the patients had abnormal patterns of serum protein when first seen, with 
low albumin and elevated gamma globulin. These became more normal during therapy 
although the level of albumin remained below normal in the case of R. deA., probably 
beeause of loss through the kidneys. 

The treatment received during the study is indicated in Table I and Fig. 1. 

Urinary acid mucopolysaccharides were measured by the method of Di Ferrante and 
Rich4 and the results expressed as milligrams of glucuronic acid per 24 hours. The erythro- 
cyte sedimentation rate was measured by the Westergren method. 


RESULTS 
In all patients studied the urinary excretion of APS was greater than the 
normal for adult women of 2.7 to 5.4 mg. per 24 hours (Table I). The detailed 
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clinical course as indicated by signs and laboratory determinations is compared 
with the APS exeretion for three of the patients in Fig. 1. F. B. showed a 
progressive decline in the urinary APS excretion to near normal levels during 
treatment with prednisone, and during a time when she had a clinical remission 
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Fig. 1.—The clinical course and rate of acid mucopolysaccharide excretion by three 
women with systemic lupus erythematosus. A, F. B. (50 years old). B, M. M. (32 years old). 
C, R. deA, (20 years old). 


(Fig. 14). The changes in rate of APS exeretion were gradual, and occurred 
later than those in the other laboratory tests indicated. In the other patients 
there was no similar sustained decrease in the rate of APS exeretion either dur- 
ing treatment or improvement in elinical status. In M. M. (Fig. 1B), there 
was a sharp temporary rise in APS excretion on two occasions at the time 
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of an exacerbation of the disease as shown by increased symptoms and elevation 
of temperature. In both M. M. and R. deA. there was temporary elevation in 
rate of APS exeretion associated with reduction in the amount of medication 
(Figs. 1B and 10). Except as indicated, there was no change in the urinary 
APS exeretion related to the clinical course or to the type of treatment. 
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Fig. 1C. (For legend see opposite page ca 


TABLE I. SUMMARY OF RATES OF URINARY ACID MUCOPOLYSACCHARIDE EXCRETION IN 5 
PATIENTS WITH SYSTEMIC LUPUS ERYTHEMATOSUS 


INITIAL URINARY | MEDICATION RECEIVED VARIATION IN URINARY 


ACID MUCOPOLY DURING PERIOD OF ACID MUCOPOLYSACCHARIDE 

PATIENT SEX AGE | SACCHARIDE* . STUDY | DURING TREATMENT 
F’. B. E 50 Elevated See Fig. 14. Declined gradually to 

(8 to 16) near normal levels. 
M. M. F 52. Elevated See Fig. 1B. Declined to range of 6 to 
(5 to 15) 10 with peaks of 14 to 
20 which occurred dur- 
ing exacerbations of the 

disease 
i ee oy 27 Slightly elevated Prednisone, 30 mg. No change. Remained 
(6 to 8) per day rapidly in slightly above normal, 
creased to 75 mg. between 6 and 10 


per day and main- 
tained. 


R. deA, KF 19 Elevated See Fig. 1. Gradual downward trend 
(9 to 14) during treatment but 


with temporary increase 
after reduction in the 
dose of prednisone 


nN. & Fr 39 Slightly elevated Aspirin, 0.6 Gm. per Rose to 9 to 13 during 
(6 to 7) day increased to 3.6 treatment with aspirin. 
Gm. per day. Chlo- Returned to range of 6 
roquine diphos- to 8 during combined 
phate, 500 mg. per aspirin and chloroquine 
day. therapy 


, *Expressed as milligrams glucuronic acid per 24 hours. Normal range for adult women 
is 2.7 to 5.4. 
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DISCUSSION 


Because of the severity of the illness it was not possible to study these 
patients before treatment was started. In the 5 patients studied, there was ¢ 
moderate to very marked elevation of the APS excretion which appeared to 
be little affected by the clinical course or type of treatment. This is at variance 
with the finding that the elevated urinary APS excretion by patients with 
rheumatoid arthritis returns to normal during treatment with salicylate® or 
cortisone.’° The different response of urinary APS excretion to treatment in 
these two diseases may be due to the presence of renal involvement in lupus 
erythematosus, but more probably reflects a fundamental difference in the 
metabolic abnormality of connective tissue in these two states. 


SUMMARY 


1. In 5 patients with lupus erythematosus, the daily rate of urinary acid 
mucopolysaccharide (APS) excretion has been measured for more than one 
month during whieh several forms of treatment were used and a clinical re- 
mission obtained. 

2. In each patient the rate of APS exeretion was above normal. Minor 
variations in rate could be related in a few instances to changes in the clinical 
state of the patient or to the amount or type of treatment. However, no con- 
sistent response to therapy was observed, and in no instance did the APS 
excretion return to normal during the period of study. 


REFERENCES 


1. Meyer, K., and Rapport, M. M.: The Mucopolysaccharides of the Ground Substance 
of Connective Tissue, Science 113: 596-599, 1951. 

2. Schiller, S., and Dewey, K. F.: Isolation of Chondroitin Sulfurie Acid From Normal 
Human Plasma, Fed. Proe. 15: 348, 1956. 

3. Kerby, G. P.: The Excretion of Glucuronie Acid and of Acid Mucopolysaccharides in 
Normal Human Urine, J. Clin. Invest. 33: 1168-1174, 1954. 

4. Di Ferrante, N., and Rich, C.: The Determination of Acid Aminopolysaccharide in 
Urine, J. LAs. & CLIN. MEp. 48: 491-494, 1956. 

5. Di Ferrante, N., and Rich, C.: The Mucopolysaccharide of Normal Human Urine, Clin. 
Chim. Acta 1: 519-524, 1957. 

6. Di Ferrante, N.: Urinary Excretion of Acid Mucopolysaccharides by Patients With 
Rheumatoid Arthritis, J. Clin. Invest. (In press.) 

7. Rich, C., Di Ferrante, N., and Archibald, R. M.: Acid Mucopolysaeccharide Excretion 
in the Urine of Children, J. LAs. & CLIN. MEp. 50: 686, 1957. 

8. Di Ferrante, N.: Urinary Excretion of Acid Mucopolysaccharides by Patients With 
Rheumatoid Arthritis, Fed. Proce. 16: 172-173, 1957. 

9. Epstein, W., Johnson, A., and Ragan, C.: Observations on a Precipitin Reaction Be- 
tween Serum of Patients With Rheumatoid Arthritis and a Preparation (Cohn 
Fraction IIT) of Human Gamma Globulin, Proc. Soc. Exper. Biol. & Med. 91: 
235-236, 1956. 


10. Di Ferrante, N.: Unpublished data. 











LABORATORY METHODS 


THE DISTRIBUTION OF TOXINS IN COAGULASE-POSITIVE 
STAPHYLOCOCCI ISOLATED FROM INFECTIONS AND CARRIERS 
NorMaAN A. Hinton, M.D., anno J. H. Orr, M.D. 

KINGSTON, CANADA 


HE pathogenic staphylococci are well known for their ability to elaborate 

a wide variety of antigenic substances, many of which have been designated 
exotoxins. The use of this latter term implies a direct participation of the 
diffusible antigen in question in that interplay between host and parasite which 
results in typical staphylococeal infection, a relationship that is frequently 
not readily apparent. 

This study was undertaken in an attempt to determine the distribution 
of alpha, beta, and delta hemolysins and of staphylokinase in coagulase-positive 
staphylococci and the relationship of these various components to the virulence 
of these organisms. 

In nature, the Staphylococcus exists as a parasite on the mucosa of the 
nasopharynx and the skin of man and characteristically produces more or less 
destructive localized lesions, particularly of skin and subeutaneous tissues. Two 
classes of overt infection are commonly encountered; those arising in grossly 
normal tissue or following relatively minor insult as illustrated by the furunele 
or earbunele, and those following the invasion of significant traumatie or 
operative wounds. 

It does not seem unreasonable to assume that if the main reservoir of 
staphylococci in nature is in the nasopharynx of man, the collective characteris- 
tics of a group of strains isolated from this site would encompass the entire 
range and distributional frequeney of occurrence of those factors related to 
virulence. 

Further, strains of staphylococei which, when deposited under those ill- 
defined conditions which allow primary implantation in grossly normal tissue, 
can survive, multiply, and produce a necrotizing lesion—regardless of the 
ultimate severity of that lesion—must possess to an important extent those 
factors related to virulence. 

Organisms isolated from infected wounds, ulcers, tumors, and burns eon- 
stitute a further group. There is no doubt that fully virulent pathogens may 
be responsible for such infections. It is just as evident, however, that in the 
presence of devitalized tissue in a debilitated host, organisms of lesser virulence 
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are quite capable of implantation and the production of significant infection. 
This group, therefore, may well represent a more heterogeneous collection than 
that composed of organisms isolated from furuneles and earbunecles and may 
be more likely to contain a proportion of strains of considerably lesser virulence. 

We propose to base our classification of strains with respect to virulence 
on this rationale. 


MATERIALS AND METHODS 


Strains of Staphylococci.—Three hundred and sixty strains of coagulase-positive staphy- 
lococei were isolated from cases in the Kingston General Hospital and 210 strains from 
healthy nasal carriers. In all instances, single colony picks were made, coagulase tests carried 
out by the slide method, and the strains stored on nutrient agar slopes at 5° C. with sub- 
cultures being made at monthly intervals. All strains were tested within 3 to 4 weeks of 
primary isolation and all were subsequently checked at 3 to 6 months. No remarkable changes 
in toxin production were noted in the storage period. 

Hemolysin Assay.—The production of alpha, beta, and delta toxins was determined by 
the antitoxin strip technique of Elek and Levy,! using antitoxin prepared by the Connaught 
Laboratories (Toronto). The strains were divided arbitrarily into strong, moderate, and 
weak toxin producers on the basis of the size of the zone of hemolysis. 

Staphylokinase Assay.—Staphylokinase production was tested by a modification of the 
plasma plate method of Christie and Wilson.2 Sterile human oxalated plasma was added in 
a concentration of 15 per cent to melted nutrient agar and heated at 55° C. for 15 minutes 
in order to precipitate the fibrinogen. This turbid agar was then poured into plates. If 
such agar is spot-inoculated with staphylococci, zones of clearing appear around some of the 
strains and this has been taken as evidence of the production of staphylokinase. 

Lack’ has pointed out that the clearing of this agar can be due to at least two factors, 
the activity of staphylococcal protease or the activation of human plasminogen by staphy- 
lokinase. Soybean trypsin inhibitor (S.B.I.) will inhibit staphylokinase-activated plasmin 
but does not affect the activity of bacterial protease. Lack thus suggested that two plasma 
plates be used for this test, one with S8.B.I. added and one without. True staphylokinase- 
producing strains induce clearing only in the absence of 8.B.I. 

During the course of our investigation a double zone of clearing was noted in the ease 
of a number of strains, an outer partially clear zone and an inner translucent zone. This 
double zone was seen only in the absence of 8.B.I. When S.B.I. was present only a single 
zone of partial clearing was observed. This suggested that a number of strains produced 
both staphylokinase and staphylococcal protease. A procedure was devised in order to detect 
more easily the presence of both of these components. Heated plasma plates were prepared 
as above. S.B.I. in a concentration of 2 mg. per milliliter in phosphate buffer at pH 7.7 was 
stored at -20° C. A filter paper strip 75 mm. by 10 mm. eut from Reeve Angel paper 
No. 202 was soaked in the S.B.I. solution and laid across the plate which was then dried for 
one hour in the incubator. The various strains were inoculated as streaks at right angles 
to the filter strip and the plates incubated at 37° C. for 48 hours. Typical results are 
indicated in Fig. 1. Staphylococcal protease produces a relatively narrow zone of partial 
clearing which extends right up to the strip. Staphylokinase produces a zone of partial 
clearing which is distinctly inhibited by the S.B.I. diffusing from the filter strip. When 
both are present translucent clearing of the agar occurs within the area of double activity. 
An interesting example is shown in Fig. 1, A of a zone of staphylokinase activity occurring 
completely within the zone of protease activity and indicated only by the inhibition of the 
translucent area of double activity. 


Total Diffusible Antigens.—Together with the identification of the three hemolysins and 
staphylokinase, it was considered to be of value to estimate the number of diffusible antigens 
produced by the strains under study. The heart infusion basal medium described by Elek! 


was poured into Petri dishes in 12 ml. amounts and allowed to harden. <A filter-paper strip 
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soaked in staphylococcus antitoxin was placed across each plate and the plate dried in the 
incubator for one hour. The strains were inoculated at right angles to the strip and 
incubated for 48 hours in a 30 per cent CO,-70 per cent air mixture. A final reading of the 
plates was made after a further 48 hours at 5° C. Distinct antigen-antibody flocculation 
lines which appeared were counted using a hand lens and from the number of lines an 
estimate was made of the minimum number of diffusible antigens produced by each strain. 
Three of the line patterns are illustrated in Fig. 2. The number of lines produced is, of 
course, basically limited by the number of distinct antibodies present in the commercial 
antiserum. 























Ss B. C. D. 


Fig. 1.—The qualitative determination of staphylokinase production. A and B, Staphylokinase 
and protease activity. C, Staphylokinase alone. D, Protease alone. 


f 


Fig. 2.—Determination of diffusible antigen production. Three representative patterns of 
antigen-antibody flocculation lines. 





Grouping of the Strains Under Study.—The strains isolated were divided into 5 groups 
which we felt best reflected an average gradation of virulence, according to the concepts 
previously outlined. 

Group I: Organisms isolated from primary, closed, staphylococcal lesions; namely, boils 
and earbuneles, a collection of virulent pathogens. 

Group II: Organisms isolated from infected wounds, burns, ulcers, and tumors, a more 
heterogeneous collection than Group I and more likely to contain a proportion of strains of 
low virulence. 

Group IIIf: Organisms isolated from nasal and pharyngeal swabs, sputum and urine. 
A great many of these strains were considered to have no etiologic relationship to any 
disease in the patient and most were felt to represent patient carrier strains. This group 
would be likely to be even more heterogeneous with respect to virulence than Group II. 
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Group IV: Organisms isolated from the nasopharynges of hospital staff members. 
These represent a group of carrier strains obtained from personnel exposed to a rather 
special and selective environment. 

Group V: Organisms isolated from the nasopharynges of university students having 
no remarkable hospital contact. These strains were considered representative of the over-all 
distribution of strains with respect to virulence, as they are found in their primary reservoir 
in nature, 


RESULTS 


Analyses of the significance of the differences in distribution of the factors 
considered in the following tables were carried out by a X? test and only when 
p < 0.5 is the term significant used. 

Diffusible Antigen Production.—An over-all survey of the ability of the 
strains under study to elaborate diffusible antigens is presented in Table I. 
Group IIT is seen to consist of a rather heterogeneous group with a distribution 
of the number of antigens produced from 0 to 12. The distribution of Group 
IIf strains is not significantly different from that of Group V_ strains which 
are taken to represent a cross section of the staphylococci in their natural 
habitat, the nasopharynx of man. 

Group II strains constitute a more homogeneous group with a significant 
proportion of the strains producing more diffusible antigens than those in 
Group III or the strains derived from normal earriers. 

Group I strains are also shown to be rather homogeneous and as a group 
demonstrate the greatest faculty for diffusible antigen production. 

The strains isolated from carriers constantly exposed to the hospital environ- 
ment show a distribution in respect to antigen production which is not signifi- 
eantly different from Group Il. These strains, however, produce on the average 
considerably more antigens than Groups III and V and significantly less than I. 

Thus, the groups in question may be arranged in order of their ability to 
elaborate diffusible antigens from greatest to least as follows, I, II and IV, III 
and V. 

It should be noted that beeause two strains produce the same number of 
antigens under the eonditions of this test, this does not mean that the antigens 
produced are necessarily the same. Nor have we any way of knowing at the 
present time what antigen any particular line represents. It seems likely, 
however, that the conventional staphylococeal exotoxins are represented among 
these diffusible antigens and that a strain producing a large number of lines 
is likely to be a significantly toxigenie strain. 

Production of alpha, beta, and delta Hemolysins and Staphylokinase.— 
The ability of the various strains to produce four specifie diffusible components, 
alpha, beta, and delta hemolysin and staphylokinase, is indicated in Table II. 
Table IIT illustrates to some extent the degree of in vitro toxigenicity. 

Groups I, II, and IIT are arranged in order of descending toxigenicity with 
respect to the production of alpha and delta hemolysins and staphylokinase. 
This is most evident with alpha toxin and staphylokinase. Group I strains 
are distinetly more delta toxigenic than II and III although the differences 
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between these two latter groups is not significant. Group V strains, obtained 
from normal carriers, would appear to be the least toxigenic and related closely 
to Group III. Group IV strains appear to be located toxigenically between I and 


II. 


TABLE II. THE INCIDENCE OF ALPHA, BETA, AND DELTA HEMOLYSINS AND STAPHYLOKINASE 
IN 570 STRAINS OF COAGULASE-POSITIVE STAPHYLOCOCCI ISOLATED FROM DIFFERENT GROUPS 


NO. OF 
STRAINS PER CENT POSITIVE 
GROUP TESTED a-TOXIN 5-TOXIN B-TOXIN STAPHYLOKINASE 
I. Primary closed 
infections 119 100 99.1 30.3 97.4 
IT. Wound infections 110 96.4 88.1 29.9 86.3 
Ill. Patient carriers 131 86.2 88.5 30.4 84.0 
1V. Hospital staff car- 
riers 100 96.0 92.0 51.0 90.0 
V. University student 
earriers 110 89.1 78.2 19.9 tas 


TaBLeE IIT. Tue Disrripution or Strronc, Moperate, WEAK, AND NonTOXIN PRODUCERS 
AMONG COAGULASE-POSITIVE STAPHYLOCOCCI ISOLATED FRoM DIFFERENT GROUPS 


ALPHA TOXIN DELTA TOXIN BETA TOXIN 
GROUP . tok 1 bs + 0 ++ | + 0 oes 1 44 r 0 
I. Primary 

closed 

infections 86.9 9.0 4.1 0 67.7 31.4 0.9 5.0 9.6 15.7 69.7 
It. Wound 

infections 70.0 14.5 11.9 3.6 62.6 25.5 11.9 5.5 13.6 10.9 70.1 
IIT. Patient 

earriers 51.0 21.1 14.1 13.8 60.0 28.5 11.5 5.3 10.0 15.1 69.6 


[V. Hospital staff 

earriers 82.0 6.0 8.0 $.0 72.0 20.0 8.0 12.0 24. 15.0 49.0 
V. University 

student 

carriers 41.8 30.9 16.4 10.9 50.0 28.2 21.8 6.4 6.4 7.4 80.0 


TABLE LV. THE DistRIBUTION OF COMBINATIONS OF TOXINS PRopUCED BY COAGULASE-POSITIVE 
STAPHYLOCOCCI 


| TOXIN COMBINATION IN PER CENT | NUMBER 
— 4 ——| 
GROUP ADF | ABDF | AF AD | ABD| A | ABF| DBF | DF D DB 0 | TESTED 
I. Primary 
closed in- | 
fections 67.22 29.4 09 1.7 09 O 0 0 0 0 0 0 | 119 
‘II. Wound | 
infections | 555 218 45 56 35 2.8 2.8 18 0 0 0 1.8 | 110 
III. Patient 
carriers 02.7 243 3.1 15 3.8 0.8 0 0.8 3.1 0.8 1.5 7.6} 131 
IV. Hospital staff 
carriers 35.0 49.0 5.0 6.0 1.0 0.0 0 10 0 0 oO 3.0 | 100 
V. University 
student | | 
carriers |} 41.8 13.6 82 109 45 82 18 0 5.6 1.8 0 3.5 | 110 














= alpha toxin; D = delta toxin; B = beta toxin; F = staphylokinase. 
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Table IV indicates the distribution of combinations of toxins produced by 
the organisms isolated from the several groups. The predominant strains 
found in all the groups are those which produce alpha and delta lysin and 
staphylokinase with or without beta lysin. Group I is seen to be most homo- 
geneous in this respect with no less than 96.6 per cent of the strains producing 
alpha and delta lysin and staphylokinase. Group II is somewhat more hetero- 
geneous and Group III is the most heterogeneous of all with 11 different 
combinations being represented. Group V resembles Group III while Group 
[V strains derived from the nurses fall somewhere between Groups I and II. It 
is interesting to note the relative rarity of pure alpha or delta producing strains 
and the absence of strains which produce beta lysin or staphylokinase in the 
absence of the other 3 components. 

The results with respect to beta toxin as seen in Tables IT and IIT do not fol- 
low the pattern of distribution noted for the other three products. No difference 
is noted in the incidence of beta toxin producers in any of the three groups of 
strains isolated from hospitalized patients. However, a lower incidence is 
noted in the group isolated from the normal earriers and a strikingly greater 
incidence, no less than 50 per cent in the group isolated from hospital staff 
carriers. 

One may speculate that a strain of Staphylococcus with a particular biologie 
character may become established in the hospital as a predominant strain. The 
nurses, living in this environment, would be more likely to carry a strain having 
this character, although the character in question may be completely unrelated 
to virulence. Such may be the explanation of the distribution of beta toxigenic 
strains in the groups studied. The greater number of beta positive strains 
in the three groups isolated from hespital patients, as compared to the normal 
carriers, may be evidence merely of infection of those patients with the hospital 
strain and not evidence in favor of an important role for beta toxin in the 
pathogenesis of staphylococeal disease. 


TABLE V. A COMPARISON OF THE BETA TOXIN PRopUCcTION BY STAPHYLOCOCCI ISOLATED FROM 
DIFFERENT GROUPS 


PER CENT BETA TOXIN POSITIVE 


GROUP HOSPITAL INFECTIONS | |NONHOSPITAL INFECTIONS 
I. Primary closed infections 7 44.1 Dictate ——  ——— 
Il. Wound infections 56.0 22.4 
LV. Hospital staff carriers 51.0 - 
V. University student carriers ~ 19.9 | 


Strong support for the hypothesis outlined above can be seen in Table V. 
Strains derived from infections arising in hospital and from the nurses’ nasal 
cultures show a remarkable incidence of beta toxin production, whereas those 
strains derived from normal carriers and nonhospital infection show a con- 
siderably lower incidence. Group III has been excluded as there is no way 
of knowing whether a strain isolated from a patient’s throat was present on 
admission or was implanted subsequently. No remarkable relationship between 
beta toxin production and the standard grouping is noted. 
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The demonstration that a particular toxigenic variety of staphylococcus 
predominates in our particular hospital introduces a possible objection to our 
major thesis. It may be argued that the diminishing toxigenicity seen in 
Groups I, II, and III, with respect to alpha and delta toxin and staphylokinase, 
may be merely an indication of the proportion of hospital infections in each 
group. The strains predominant in the hospital may, by adventitious selection, 
be more toxigenic and thus the more hospital infections in a given group the 
more toxigenic that group would appear. 

The answer to this objection would necessitate a study of the distribution 
of toxins in strains isolated from normal earriers and from infections arising 
in patients in their homes, and Table VI has been prepared from this point of 
view. It consists of a modification of Table II in which only those strains 
isolated from outpatients or from hospitalized patients immediately after 
admission have been retained. Group III must of necessity be excluded 
beeause the ultimate origin of the strains cannot be determined in any way. 
The nurses’ strains (Group IV) are, of course, excluded. 


TABLE VI. A CoMPARISON OF THE TOXIN PRODUCTION oF STAPHYLOCOCCI ISOLATED FROM 
NorRMAL CARRIERS AND FROM DISEASE ARISING OUTSIDE OF HOSPITAL 


No. or |____ PER CENT POSITIVE 
GROUP STRAINS | a-TOXIN | 6-TOXIN | B-TOXIN | STAPHYLOKINASE 
I, Primary closed infections 83 100 100 24.1 98.8 
II. Wound infections 85 96.5 89.4 22.4 87.1 
V. University student carriers 110 89.1 78.2 19.9 71.1 


An inspection of Table VI reveals that not only is the previously observed 
relationship between group and toxigenicity preserved, but also that this 
relationship beeomes even more obvious. 


DISCUSSION 

The group of strains isolated from furuneles and carbuneles has been shown 
to produce significantly more diffusible antigens, alpha and delta lysin and 
staphylokinase than the group isolated from wound infections. This, in turn, has 
been shown to be more toxigenic than the group isolated from carriers. 

The thesis has been advanced above that the division of the strains used 
in this work represents a division into groups in order of a diminishing average 
virulence. Elek® has recently demonstrated the striking importance of host 
factors in the pathogenesis of staphylococcal infections. The ability of a given 
strain to produce experimental skin lesions in human subjects was found to be 
enhanced more than five-hundred fold when a foreign body reaction was induced 
at the site of inoculation. This observation would appear to support our 
contention that strains isolated from furuncles would be more likely to be 
fully virulent than strains isolated from wound infections where gross dis- 
turbances in tissue defense mechanisms play an important role in the patho- 
genesis of the infection. If it is accepted that these groups represent a gradation 
in virulence, then it is apparent that a direct association exists between virulence 
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and multiple antigen’ production, alpha and delta lysin production, and staphy- 
lokinase elaboration. Elek and Levy® have suggested that the coagulase-positive 
staphylococci characteristically produce the full complement of hemolysins and 
that any other pattern represents a loss of one or more characters. The homo- 
geneous nature of Group I strains would tend to support this contention and to 
imply that the production of alpha and delta lysin and staphylokinase is 
characteristic of fully virulent coagulase-positive staphylococci and any other 
pattern represents a degradation in virulence. 

Some support for this view may be found in the literature. Schwabacher 
and associates’ demonstrated that nonalpha toxin-producing strains were more 
common among those strains isolated from carriers than among those derived 
from lesions. Lesion-producing staphylococci have been shown to produce alpha 
toxin consistently’ and to elaborate more alpha and delta lysin® and more 
antigen-antibody flocculation lines?’ than strains isolated from carriers. Howard* 
has demonstrated that the relative virulence of staphylocoeei for mice is 
associated with the number of diffusible antigens produced and the degree of 
completeness of the hemolysin pattern. 

A number of workers have noted, however, the occurrence of nontoxigenic 
strains of coagulase-positive staphylococci. Lack" has recorded that no less than 
9 of a series of 49 strains isolated from cases of osteomyelitis failed to produce 
alpha toxin. Further, a large proportion of patients with staphylococcal osteo- 
myelitis failed to produce significant amounts of antihemolysin. It is significant 
to note that Lack observes that about 25 per cent of his strains were derived 
‘‘from postoperative infections where foreign bodies such as sutures, steel pins, 
and foreign grafts have probably had the effect of greatly reducing the efficiency 
of host defenses. In such cireumstances toxin production may not be necessary 
for the initiation of infection.’’ There can be no doubt that host factors play 
a remarkable part in the pathogenesis of staphylococeal infection. None the less, 
it seems reasonable to profess that the ability to produce large amounts of toxin 
may determine whether a strain ean initiate infection under conditions in which 
host resistance is not remarkably depressed. We are not suggesting that toxi- 
genicity is the sole determinant of the pathogenicity of staphylococci, but only 
that the production of alpha and delta toxins and staphylokinase is characteristic 
of the more virulent strains. 

The results with respect to beta toxin are of considerable interest. Many 
studies have shown that particular biotypes of coagulase-positive staphylococci 
tend to be selected and to predominate in the hospital environment. The most 
prominent example of this is to be found in the numerous publications dealing 
with the emergence of antibiotic-resistant staphylocoeci.'*2 Hospital staphylococci 
‘end to show a remarkable incidence of antibiotic-resistant strains and these 
in turn are characterized by belonging in great majority to phage Group ITI.% 
ur results would indieate that our hospital strains are further characterized 
»y the common ability to produce beta toxin. Considering the great variation 
n the reported incidence of beta toxin production among strains surveyed, 
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it seems likely that this biotype may be peculiar to certain areas and the 
conflicting reports which have appeared! may be explicable on the basis of locale 
and origin of the strains. 

Considerable interest may be attached to the observation that the lesion- 
producing staphylococci were significantly more toxigenic than carrier strains, 
and that the organisms carried by the hospital staff more closely resembled 
the organisms isolated from lesions, with respect to toxigenicity, than they 
resembled those carried by the normal population or even patient carriers. 

Considering the large numbers of organisms which may be liberated into 
the environment from open active lesions, it would seem reasonable to assume 
that these lesions constitute an important primary source with respect to the 
initiation of hospital infections, an assumption strongly supported by the 
recent work of Barber and Burston.** Our demonstration of the toxigenicity 
of strains isolated from such lesions would imply that their importance resides 
not only in the probability of their attaining high concentration in the environ- 
ment, but also their marked ability to establish themselves in tissue, as opposed 
to the lesser ability of normal earrier strains. 

Hospital staff members also constitute an important group with respect 
to ecross-infection. Not only are they potentially in close contact with susceptible 
patients but also many workers have demonstrated an increased earrier rate 
among those who work within the semiclosed community of the hospital, and 
our own hospital carriers have been shown to have a heavier nasal staphylococeal 
flora than normal nonhospital earriers. Further, it is well known that anti- 
biotie-resistant variants tend to beeome established as common strains carried 
by the hospital staff and infections caused by these strains have, in recent years, 
given rise to a good deal of difficulty from a therapeutic point of view. Our 
demonstration of the rather high level of toxigenicity of hospital carrier strains 
adds another facet to their character, implying that these strains are fundamen- 
tally more dangerous then those carried by patients or visitors to the hospital. 

The possible explanations of the predominance of toxigenic strains in our 
hospital carriers are of some interest. The factors involved in the institution 
and maintenance of the carrier state remain in the realm of speculation. The 
character of the strains isolated from earriers is, however, obviously influenced 
by the numbers and nature of the strains to which a population is exposed. It 
would seem likely that patients with discharging lesions add considerable num- 
bers of highly toxigenie¢ strains to the semiclosed hospital environment with the 
result that the nurses, who are constantly exposed, would on this ground alone 
be more likely to earry fully toxigenic types. The large number of staphylo- 
coeci in the environment and the close and constant association of nurses with 
infection, together with the fairly rapid exchange of strains?’ within the hospital 
population, may be quite sufficient to account for the increased earrier rate noted 
in hospital personnel. 

It is tempting to speculate that virulence, expressed as toxigenicity, may 
have a bearing on the ability of a strain to implant and maintain the earrier 
state. The large number of toxigenic strains isolated from the nurses and the 
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increased carrier rate frequently noted in this group may be due not only to 
the fact that toxigenic strains are more common in the hospital environment, 
but also to the possible increased ability of fully virulent strains to implant 
on the nasal mucosa and institute the carrier state. 

If this thesis is entertained, it becomes important to distinguish between 
those factors concerned with the initiation of the carrier state and those con- 
cerned with its maintenance. Although it is coneeivable that the production 
of large amounts of toxin may be associated with the ability of the organism 
to implant it does not seem likely that a high level of toxigenicity is compatible 
with the prolonged maintenance of a stable equilibrium between host and para- 
site. It is well known that carrier strains of Temophilus influenzae and Neisseria 
meningitidis frequently lack the surface antigens associated with virulence. The 
decreasing infectiousness of streptococcal carriers with the passage of time is 
considered to be due to a process of antigenic degradation of the carried strain, 
with particular reference to the M substance, and a coneomitant loss of viru- 
lenee.*® 17 

These observations would imply that prolonged residence of an organism 
in the throat of a earrier is associated with a degradation in virulenee, and it 
may be that this degradation is necessary in order to maintain the asymptomatic 
carrier state. The high level of toxigenicity of strains isolated from the nurses 
may then reflect not only the high proportion of toxigenie strains in the environ- 
ment, but also a rapid turnover of specific strains so that each biotype is resident 
in the throat of a earrier only for a relatively short period of time. This rather 
rapid turnover of carrier strains within a hospital staff has recently been demon- 
strated by Lepper and associates.*° The considerably lower toxigenicity of strains 
isolated from the normal population may then be a reflection of a much lower 
rate of turnover of carried strains. Highly virulent strains could still be pri- 
marily implanted but prolonged maintenance of the carrier state may be asso- 
ciated with a decreasing virulence of the organism. 


SUMMARY 


1. The distribution of alpha, beta, and delta hemolysin, staphylokinase, and 
total number of diffusible antigens in 570 strains of coaglulase-positive staphy- 
lococei has been determined. 

2. A modified plasma plate technique for the qualitative determination of 
staphylokinase production is deseribed.. 


3. Strains isolated from furuncles and carbuncles were shown to produce 


more diffusible antigens, alpha and delta hemolysin, and staphylokinase than 
did strains isolated from wound infections. These strains in turn were more 
toxigenic than those isolated from patients’ throats. 

4. The number of strains producing beta toxin did not differ significantly 
in the above three groups. 

5. Strains isolated from normal earriers were similar in character to the 
strains isolated from the patients’ throats although somewhat less toxigenic. 

6. Strains isolated from hospital carriers were shown to constitute a rather 
homogeneous, highly toxigenie group. 
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7. A beta toxin producing biotype was shown to be common in our hospital 
enviroment. 


8. The relationship between toxigenicity and virulence, hospital infection, 
and the carrier state is discussed. 
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DETERMINATION OF URINARY EXCRETION OF RADIOCOBALT- 
LABELED VITAMIN B,. BY COBALT SULFIDE PRECIPITATION 
Davin S. Kinnory, Pu.D., Ervin Kapuan, M.D., Y. T. Orster, Pa.D., M.D., 
AND ALBERT A. IMPERATO, TECH. 

Hines, ILL. 


ADIOCOBALT-LABELED vitamin B,. has considerably simplified the 

diagnosis of various vitamin B,. malabsorption syndromes. It has led to 
the development of methods by which the absorption and subsequent utilization 
of vitamin B,. ean be followed in health and disease.! 

In the Schilling test, the use of radioactive vitamin B,. is of value in differ- 
entiating pernicious anemia with defective vitamin B,. absorption due to in- 
trinsie factor deficiency from other macrocytic anemias in which a vitamin B,. 
absorption defect is not correctable by intrinsic factor. This test is especially 
useful in determining the presence or absence of pernicious anemia in patients 
who have been treated so as to obseure the hematological or clinical picture. 

In principle, the Schilling test involves ingestion of a small tracer dose of 
radioactive vitamin B,. followed by intramuscular injection of a relatively large 
amount (1,000 meg.) of nonradioactive vitamin B,. to raise the blood level of 
vitamin B,, above the renal threshold and force its urinary exeretion. The ex- 
tent of the urinary exeretion of radioactivity thus becomes a reflection of the 
intestinal absorption of the tracer vitamin B,, dose. It is low in pernicious ane- 
mia and in total and partial gastrectomies, cases in which the elaboration of the 
intrinsic factor is deficient or al 
unaffected. * 


sent, and is normal where the intrinsie factor is 


In doubtful cases or for confirmation of a diagnosis of pernicious anemia, 
the test ean be repeated with the modification of giving the intrinsie factor orally 
along with the radioactive vitamin B,. tracer dose. With the deficient intrinsic 
factor now externally supplied, the typical patient with pernicious anemia will 
show an appreciably increased absorption of vitamin B,..? 

Currently, the usual method for determining the radioactivity of the urine 
in the Schilling test is to measure with a scintillation detector the radioactivity 
of large volumes of urine. This procedure suffers from the following disad- 
vantages: (1) the counting efficiency of such large volumes is very low and, 
therefore, necessitates the ingestion by the patient of an increased dose of radio- 
active vitamin B,.; (2) the radioactivity determination is not specifie for Co®° 
and, therefore, may be unsuited for use with patients who have received previous 
radioisotope administration. 


These shortcomings prompted us to develop the more speeifie and sensitive 
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method of utilizing the precipitation of radioactive cobalt originating from the 


Co-labeled vitamin B,, as the quite insoluble CoS and measuring its radioactivity 
in a small tube in a well-type scintillation counter. 


METHODS 


A tracer dose of 0.05 ye of Co6°-labeled vitamin B,,* (specific activity 1 we per 1 ug) 
was mixed with 90 ml. of water and given orally to the fasting patient. One hour later 
1,000 wg of nonradioactive vitamin B,, was injected intramuscularly. The patient was in- 
structed to abstain from eating meat during the following 24 hours. 

The patient’s 24-hour urine was collected, its volume measured, and the cobalt sulfide 
precipitation carried out on 1,000 ml. placed in a 2 liter glass-stoppered Pyrex bottle. If 
the volume of the 24-hour urine was less than 1 liter, it was diluted with water to that 
volume. 





Fig. 1.—Vacuum filtration assemblies for filtering radioactive cobalt sulfide precipitated from 
patients’ urines. 


The entire cobalt sulfide precipitation procedure was performed in the hood. Four 
milliliters of 1 N cobaltous chloride was added to the urine as carrier for the small amount 
of excreted urinary cobalt, and 300 Gm. of NH,Cl was dissolved in the urine with slight 
heating to facilitate solution. The addition of NH,Cl prevents the subsequent formation of 
colloidal cobalt sulfide, which usually occurs when cobalt is precipitated as the sulfide from 
the urine. The amount of NH,Cl which prevents the formation of the colloid differs with 
the composition of the urine, but the addition of 300 Gm. of NH,Cl has proved to be 
sufficient for all urines we have encountered so far. Five milliliters of n-octyl alcohol 
were then added to reduce foaming. The mixture was heated just to boiling, and 6 ml. of 
8.2 per cent (NH,).S (Fisher reagent) was added. After cooling, the black cobalt sulfide 
precipitate was isolated by vacuum filtration. 

For filtration, we have found it convenient to transfer the mixture in several portions 
to a 1 liter separatory funnel, whose shortened stem was inserted through a center hole 
in a No. 13 rubber stopper. The rubber stopper, in turn, fitted tightly in a Coors No. 2 
Buchner funnel, whose bottom plate was covered with two thicknesses of 7.0 em. glass 


*Source: Merck & Company, Inc., Rahway, N. J. 
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fiber filter paper.* The whole assembly was mounted on a 2 liter filtration flask, as shown 
in Fig. 1. A battery of several filtration assemblies enables the technician to carry out a 
number of determinations at the same time. 

After filtration, the filter paper with the cobalt sulfide precipitate was carefully re- 
moved, transferred to a small Lusteroid tube,t and packed into a volume of 2 ml. The 
glass fiber filter paper has the advantage of having high retention qualities and unusual 
pliability. The cobalt sulfide is then counted in a well-type scintillation counter against 
the dose standard. The standard is prepared by diluting 0.05 we of Co6° vitamin B,, activity 
with water to 100 ml. in a volumetric flask. Three milliliters of the diluted solution is 
counted in a scintillation well counter in a plastic test tube. 

Each patient’s urine was submitted to two precipitations. The second precipitation 
procedure differed from the first in that the addition of NH,Cl and n-octyl alcohol and the 
heating of the urine prior to the addition of (NH,).8 were omitted. 

When low urinary Co® recovery indicated a repetition of the procedure with intrinsic 
factor, 25 mg. of B,.-free intrinsie factort mixed with the tracer dose of vitamin B,. was 
given orally to the patient. The repeat procedure may be started after a 3-day interval. 

Recovery studies, in which a known amount of Co60-labeled vitamin B, was added to 
an assortment of different urines, showed an average radioactivity recovery of 94 + 5 
per cent in the combined cobalt sulfide obtained from two successive precipitations. <A 
series of duplicate determinations on urines of patients who had received the vitamin B,, 
absorption test indicated that the reproducibility of this method falls within the above 
range of analyti¢ accuracy 


RESULTS 


Employing the methods described and using a 2” x 2” Nal (T1) scintil- 
lation erystal well counter, each one per cent of activity recovered from urine 
registered 270 ¢.p.m. over background, or more than twice the background count. 
In instances of normal recovery, where averages approximate 18 per cent of the 
administered dose, the aetivity recovered from a 0.05 ye dosage cannot be ade- 
quately detected by the usual methods. Counting the radioactivity of 1,000 ml. 
of urine from normal subjects in direct contact with a 1144 by 1 ineh Nal scin- 
tillation probe counter, or measuring it in three equal portions in the well 
counter directly over a 2” ~« 2” Nal erystal, gives extremely poor statisties 
of counting, since the counting rate is only slightly higher than background. 
The precipitation method results in about 400 times greater counting efficiency 
than with whole urine using the above scintillation probe, while it is 16 times 
more efficient than counting 333 ml. samples directly over the well counter. 

The urinary recovery by the precipitation method, using 0.05 pe of Co®%° 
activity in 0.05 neg of vitamin B,. was determined in 16 normal patients, 4 cases 
of pernicious anemia, and 3 patients with absorptive defects. The results are 
presented in Tables I, I], and ITI. 

In one normal subject the percentage urinary recovery with 0.05 ye of 
activity was 26.6 per cent. With the Schilling technique, using 0.5 pe of activity 
labeled to 0.5 pe of vitamin B,., the same patient showed 26.9 per cent urinary 
recovery. 

The presence of massive albuminuria did not seriously interfere with the 
precipitation test. The procedure was attempted in one nephritie patient, whose 
total 24-hour urinary volume was 1,160 ml., with a protein concentration of 0.63 
Gm. per cent. The urine was heated to boiling and was then filtered with 

*Source: Fisher Scientific, Pittsburgh, Pa. 


+Source: Lusteroid Corporation, Maplewood, N. J. 
tSource: The Armour Laboratories, Kankakee, III. 
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vacuum prior to the cobalt sulfide precipitation to remove most of the albumin. 
Fourteen per cent of the administered dose was recovered in the supernatant, 
while 1.17 per cent of the administered activity was precipitated with the pro- 
tein. The activity in the protein may well have been due to trapping of Co*° 
by the voluminous precipitate. It is apparent that urinary Co%°-vitamin B,, 


activity was not significantly protein-bound in the massive albuminuria of the 
patient tested. 


TABLE J. PERCENTAGE RECOVERY OF Co60-VITAMIN B,. IN THE URINE OF 16 NORMAL PATIENTS, 
USING THE COBALT SULFIDE PRECIPITATION METHOD 


>ATIENT 7 


| PER CENT RECOVERED | 





E PATIENT | PER CENT RECOVERED 
1. G. A. 18.5 o. J. Mm 21.4 
Ri Ras: Ge 14.6 10. G. Q. 13.9 
a. da: 17.7 11. J. BR. 15.0 
4, & D. 14.6 12. G. R. 16.7 
5. W. H. aT.4 las & 22.2 
& ¢. 2. 19.0 14. W. D. 17.0 
x Bis He 27.0 5. 8. V. 23.4 
Ss. i. C. 23.0 16. L.. W. 11.5 
Range of 

recovery: 11.5-27.0 
Average 

recovery : 18.3 


TABLE IT, PERCENTAGE RECOVERY OF C060-VITAMIN B,, IN THE URINE OF 4 PATIENTS WITH 
PERNICIOUS ANEMIA USING THE COBALT SULFIDE PRECIPITATION METHOD 


PER CENT RECOVERY 


PATIENT WITHOUT INTRINSIC FACTOR | WITH INTRINSIC FACTOR 
1. B. A. 1.0 : 9.2 
2. E. L. 2.2 14.2 
a as 2D. 1.4 10.0 
é HH. Z. 0.04 21.5 
Range of 
recovery: 0.04-2.2 10.0-29.2 
Average 
recovery: 1.2 18.8 


TABLE IIT. PERCENTAGE RECOVERY OF CO069-VITAMIN B,, IN THE URINE OF 3 PATIENTS WITH 
MEGALOBLASTIC ANEMIA AND ABSORPTIVE DEFECTS, USING THE COBALT SULFIDE 
PRECIPITATION METHOD 


: PER CENT RECOVERY 


PATIENT WITHOUT INTRINSIC FACTOR | WITH INTRINSIC FACTOR 
> eR 8.1 11.3 
3. &.. Cc. 35 4.6 
a. oo F. 9.8 3.3 


When the cobalt sulfide precipitation procedure was applied to aliquots of 
urines from patients whuse only radioisotope administration consisted of I'*, 
the radioactivity admixed with the precipitated cobalt sulfide (after washing it 
in the Buchner funnel with 200 ml. of aqueous 30 per cent NH,Cl) was on the 
average only 1.3 per cent of the corresponding urine aliquots evaporated almost 
to dryness. The cobalt sulfide precipitation method renders it possible, therefore, 
to use the vitamin B,. absorption test on patients who had recently received 
radioactive iodine. Depending on the I'*! content of the patient’s urine, a dosage 
ranging from 0.05 ne to 0.5 we of Co®-labeled vitamin B,. is recommended. The 
Co® urinary excretion of 9 patients who, for thyroid study, had received 50 pe 
of I'*' in the preceding week was successfully determined by this method. 
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DISCUSSION 

The increased counting efficiency of the cobalt sulfide method, as compared 
with other available techniques, makes possible the repeated use of the test with 
minimal exposure of the patient to Co®, which has a physical half-life of 5.3 
years. The flushing dose further contributes to a reduction in the biologie half- 
life. The use of 0.05 ne of Co activity allows for statistically accurate counting 
in the method described and could be easily reduced to even one half of this 
amount. Repeated testing may well be a means of assaying intrinsic faetor ac- 
tivity in those patients with incipient intrinsic factor defects. 

Urinary recovery of Co®° activity, using the 0.05 ye per 0.05 mg. dose of 
labeled vitamin B,., is of the same order as reported with larger doses.*-7 Less 
than 5 per cent recovery suggests unequivocal absorptive defects; 5 to 10 per 
cent recovery is equivocal and should be an indication for repeating the test 
with intrinsie factor. In the 16 normal subjects tested, recovery of less than 11.5 
per cent of the administered dose was not observed. 

[It is not unusual that eandidates for the Schilling test have received radio- 
iodine for thyroid function study because of the superficial clinical resemblance 
between myxedema and pernicious anemia. The chemical separation of Co® 
from I**! by the precipitation method obviates a long waiting period in many 
instances. 


SUMMARY 


A method is described for the determination of urinary exeretion of radio- 
cobalt-labeled vitamin B,, in the Schilling test by cobalt sulfide precipitation 
The results obtained for normal and pathologie groups of patients were similar 
to those using the higher conventional dosage of radioactive vitamin B,.. This 
procedure, however, has a twofold advantage: (1) Its high counting efficiency 
permits the use of only a 0.05 pe dose of Co%°-vitamin B,. with a high counting 


rate of 2,700 ¢.p.m. for a 10 per cent recovery using a 2” « 2” sodium iodide 
erystal. (2) Its relative specificity makes it possible to administer the Schilling 
test to patients who have previously been given other radioisotopes and are still 


exereting radioactivity not precipitable from urine by sulfide ions. 
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THE DETERMINATION OF INULIN IN BLOOD AND URINE USING 
GLUCOSE OXIDASE FOR THE REMOVAL 
OF INTERFERING GLUCOSE 


KE. Rupoir FRorescu, M.D.,* Joun B. Rearpon, M.D.,** anp 
ALBERT E. RENouLp, M.D.*** 
Boston, Mass. 


N MOST presently available methods for the determination of inulin in blood 

and urine, glucose is an interfering substance during colorimetry. At nor- 
mal levels of blood glucose this interference is small and one assumes that the 
‘*blood blank,’’ which is due in part to blood glucose, remains constant and 
thus allows for adequate correction. At high and varying concentrations of 
glucose in blood and urine, however, such as are encountered during studies 
of renal glucose clearance, glucose interference becomes a major problem and 
prevents the accurate quantitation of inulin in blood and urine. It would be 
evidently desirable to eliminate glucose before the color reactions are carried 
out and, indeed, procedures to do so have been devised. Fermentation by 
starved preparations of bakers’ yeast have been used by Smith and collabora- 
tors' and have again been recommended by White and Samson’ while Little*® 
recommends elimination of glucose in hot alkali. The glucose intereference 
ean also be reduced by careful manipulation of the conditions used during the 
chromogenic reactions with resorcinol or anthrone.*}® A simple enzymatic 
procedure for the removal of interfering glucose prior to the determination of 
inulin forms the basis for this report. 

Glucose oxidase catalyzes the oxidation of glucose to gluconie acid which 
produces no color with resorcinol. However, considerable difficulties were en- 
countered when crude, commercially available glucose oxidase preparations 
were used. As is the case with yeast the blank values were high and unpre- 
dictable, an observation which ean probably be imputed to the high polysac- 
charide content of these crude preparations. Purified preparations of glucose 
oxidase were then made available to the authors through the courtesy of Dr. 
V. Auerbach, from the Department of Biological Chemistry, Harvard Medieal 
School, and Dr. L. A. Underkofler of the Takamine Laboratories, Clifton, New 
Jersey. The purification method used by Dr. Auerbach will be published in 
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detail® and a purified preparation is to be made commercially available. These 
two preparations did not give rise to significant blank values in the color reae- 
tion. After the enzymatic removal of glucose, inulin determinations were 
carried out according to Higashi’s modification’ of the method of Roe.*| Depro- 
teinization, however, was carried out according to Somogyi,* utilizing zine sul- 
fate and sodium hydroxide. 
MATERIALS AND METHODS 

Reagents.—The two purified glucose oxidase preparations used contained approximately 
534.000 glucose oxidase units per gram of enzyme. The amount of catalase and glucomutaro- 
tase present in these two preparations has not been measured. In a volume of 3 ml. one- 
half gram of either preparation completely oxidized 15 mg. of glucose during a 60-minute 
incubation period at 37° C. It is evident that each new batch of enzyme has to be eval- 
uated for its potency under the conditions used. The enzyme solution was prepared by 
dissolving 0.25 mg. of enzyme per ml. of 0.154 M acetate buffer, pH 5.6. The enzyme solu- 
tion can be frozen and stored without any detectable loss of activity for several weeks. 

In addition the following reagents were used: 

Acetate buffer, pH 5.6 (19 parts 0.154 M acetie acid and 181 parts 0.154 M sodium 
acetate 

Zine sulfate, 5 per cent in water. 

Sodium hydroxide, 0.5 N. 

Resoreinol, 0.15 per cent in 95 per cent ethanol. 


Concentrated hydrochlorie acid with 7.5 mg. ferrie chloride per liter. 
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Fig. 1.—Relative chromogenic activity of glucose and inulin in the resorcinol reaction (20 
minutes at 80°C.). 


Procedure.—One milliliter of each blood or urine sample and 2 ml. of enzyme solution 
are carefully pipetted into 10 ml. test tubes; a drop of caprylic alcohol is added to each 
tube to prevent foaming during the subsequent aeration. The test tubes are placed in a 
test tube rack and incubated in a water bath at 37° C. for 60 minutes. Mixing and oxygena- 
tion is insured by the slow delivery of oxygen or air, using a glass manifold fitted with 
rubber tubing into which are inserted number 25 hypodermic needles. Polyethylene tubing 
is threaded over the needles in appropriate length to reach the bottom of each tube. Depro- 
teinization is then carried out by adding 1 ml. of zine sulfate and 1 ml. of sodium hydroxide 
to each tube. After thorough mixing the tubes are centrifuged and an aliquot of the super- 
natant is appropriately diluted for the subsequent reaction with resorcinol, according to 
Higashi and Peters.7? The incubation procedure is similar to that previonsly reported in 
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more detail for the determination of glucose in blood and urine.? It should be emphasized 
at this point that great care is necessary in the pipetting of all samples to insure adequate 
results. 
DISCUSSION 

Fig. 1 illustrates the quantitative aspects of the interference by glucose in 
the resorcinol color reaction. In this instance 1.5 mg. of glucose was found to 
be equivalent to 10 »g of inulin or fructose. A number of similar experiments 
have been carried out and, in our hands, the color produced by glucose was 
on the average 150 to 200 times less than that produced by the same amount 
of inulin. The shaded area in the left lower corner indicates the range of in- 
terference which is encountered in glueose titration studies. Thus, at blood 
glucose concentrations of 750 mg. per cent and concomitant plasma inulin 
levels of 25 mg. per cent, the error in the inulin measurement is approximately 
20 per cent. After incubation with glucose oxidase no interference can be de- 
tected. 

TABLE I, Recovery OF INULIN FROM PLASMA AFTER INCUBATION WITH GLUCOSE 


OXIDASE FOR 1 Hour 


~ INULIN ADDED INULIN RECOVERED RECOVERY 


(G/ML. ) (wG/ML. ) | (%) ; 
0.005 0.0053 106 

0.010 0.0099 99 

0.020 0.0204 102 

0.025 0.0245 98 


TABLE IT. INULIN DETERMINATION IN PLASMA CONTAINING DIFFERENT AMOUNTS OF GLUCOSE, 
WITH AND WirHouT PREVIOUS INCUBATION WITH GLUCOSE OXIDASE 


| INULIN MEASURED INULIN MEASURED 
WITHOUT INCUBATION AFTER INCUBATION 
GLUCOSE INULIN ADDED | WITH GLUCOSE OXIDASE | WITH GLUCOSE OXIDASE 
(MG./ML. ) (MG./ML. ) | (MG./ML. ) (MG./ML. ) 
i. #7 7&7} ~~ 0.0200 0.0220 0.0206 
0.8 0.0200 0.0242 0.0204 
1.0 0.0200 0.0262 0.0201 
2.0 0.0200 0.0330 0.0194 


Table I illustrates the recovery of inulin added to plasma. Recoveries 
varied between 98 and 106 per cent. In another experiment, increasing quan- 
tities of glucose were added to plasma containing a known amount of inulin, 
and inulin determinations were carried out before and after incubation with 
glucose oxidase. As shown in Table II the amounts of inulin measured after 
treatment with glucose oxidase correlated well with the amounts added, where- 
as an inereasing error was introduced by increasing glucose concentration 
when the samples were not pretreated with glucose oxidase. In addition the 
plasma blank was determined in 26 samples obtained from 16 fasted subjects. 
The mean blank was found to be 0.75 mg. per cent and the range 0 to 3.25 mg. 
per cent. The method described has successfully been applied to a large num- 
ber of glucose titration studies which will be reported.’° 
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SUMMARY 


A method for the determination of inulin in the presence of high concen- 
trations of glucose is described, making use of the property of glucose oxidase 
to catalyze the oxidation of glucose to gluconie acid, a substance which does 
not interfere in the resorcinol reaction. No appreciable enzyme blank values 
were encountered when purified preparations of glucose oxidase were used. 
Recovery experiments and data on the plasma blank obtained with this method 
are reported. 
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63. THE NATURE OF THE COAGULATION DEFECT IN 
PSEUDOHEMOPHILIA B 


SHirtey A. JOHNSON, PH.D. (By INviratTion), RAayMonp W. Monro, M.D., AND 
JoHN W. Resuck, M.D., Derrorr, Micu. 


Pseudohemophilia B (Quick), thrombocytopathy, is a mild to moderate 
hemorrhagic disease showing a familial tendency occurring in either sex and 
characterized by a prolonged bleeding time and poor prothrombin consumption. 
The mechanism of the abnormal bleeding has been postulated to be on the basis 
of a vascular defect, platelet functional abnormality, or lack of a plasma factor. 

Prothrombin consumption was found io be poor (below 20 see.) in 10 
patients suffering from pseudohemophilia B. When an assay for platelet factor 
III activity (Alkjaersig, Abe, and Seegers) was carried out very little was 
found in platelets of these patients as compared with platelets of normal in- 
dividuals. The addition in vitro of purified platelet factor I11 of bovine origin 
corrected the prothrombin consumption of patients with pseudohemophilia B. 

Cortisone and prednisone therapy did not alter the prothrombin con- 
sumption in pseudohemophilia B. Investigation is underway to prepare platelet 
factor III of bovine origin for intravenous use in patients with pseudohemophilia 
B and to observe the ultramicroscopic morphology of the platelets utilizing the 
electron microscope. The administration of platelet factor III to thrombo- 
eytopenie patients resulted in a marked increase in vaseular resistance. Assay 
for platelet factor III in relatives of patients with pseudohemophilia B may 
afford an opportunity to establish the genetics of this hemorrhagic disorder. 

These preliminary studies suggest that pseudohemophilia B is a hemor- 
rhagie disease resulting from a deficiency of platelet factor ITI. 
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64. THE EFFECTS OF ACUTE REDUCTION OF RENAL ARTERY 
BLOOD PRESSURE ON RENAL HEMODYNAMICS AND 
EXCRETION OF ELECTROLYTES AND WATER 


Water E. Jupson, M.D., anp Nancy H. Rauscn, M.D., INDIANAPOLIS, IND. 
(INTRODUCED By CHARLES GruBER, M.D.) 


In the present investigation, renal responses to acute reduction in renal 
artery pressures were measured in patients during resection of thoracic aortic 
aneurysms. During occlusion of the thoracie aorta, lasting from 47 to 64 
minutes, the blood flow and mean arterial pressure of the distal aortic segment 
were maintained and controlled by a mechanical pump which shunted blood 
from the brachial to the femoral artery, thus perfusing the distal aortic segment 
in a retrograde manner. By-pass blood flow was varied by altering either the 
size of the pumping chamber or the rate of blood shunted through the system. 

During the by-pass, the mean arterial pressure in the distal aortic segment 
ranged from 35 to 75 mm. Hg. At these levels of mean perfusion pressure the 
renal plasma flow (PAH) fell to from 7 to 33 per cent, and the glomerular 
filtration rate (inulin) fell to from 9 to 38 per cent, of the preocelusion level ; 
this change oeceurred within 9 to 26 minutes. There was a concomitant re- 
duction in urine formation and sodium excretion during this same period. 

No urine was formed after the first 25 to 33 minutes of reduced blood flow. 
With re-establishment of flow and pressure to preoeclusion conditions, there 
was a rapid return toward the control level of these renal functions. 

In one patient with a left atrial-femoral artery shunt, the mean pressure 
ranged from 60 to 120 mm. Hg with a pulse pressure of approximately 35 mm. 
Hg. During the entire period, this patient continued to form urine and to main- 
tain measurable renal function. 

It is econeluded from these observations that: 

1. With the reduction of mean renal arterial pressure to from 35 to 65 
mm. Hg, accompanied by a low pulse pressure, urine formation is not observed. 

2. However, with mean arterial pressures of 60 to 65 mm. Hg, if the 
pulse pressure is increased, there may be continued production of urine. 

3. Finally, despite these subfiltration pressures, the kidney is apparently 
protected from the effects of ischemia as evidenced by the rapid postocelusion 
return of functions toward normal. 


65. SUPPRESSION OF INFLUENZA VIRUS PNEUMONIA WITH RNA 
Epwin D. KintsBourng, M.D., New York, N. Y. 


During investigation of the mechanisms of corticosteroid action in influenza 
virus infection, it was discovered that the administration of sodium ribonucleate 
(RNA) to infected mice induced a surprising suppressive effect upon the ap- 
pearance of pulmonary lesions and death. Antagonism of the enhancing effect 
of cortisone on virus yields was not demonstrated. 

From 7 experiments with the mouse-adapted CAM strain of influenza A 
virus employing 5 to 20 mice per group, the following observations have been 
derived. The subcutaneous administration of 50 mg. daily of RNA to 18 to 20 
gram CF'W mice has in every experiment delayed the appearance of grossly 
evident pulmonary lesions in mice infected intranasally with 10° to 10° EID;, of 
CAM virus. Reduction in percentile lesion scores was most striking in mice 
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which received the larger viral inocula. This observation is probably related to 
the sharper end points and greater uniformity characteristic of infections of 
high multiplicity. 

Measurement of hemagglutinating and infective virus in lungs from these 
experiments has not revealed significant differences in virus concentrations of 
lungs from control and RNA-treated mice. The specificity of the RNA lesion- 
sparing effect in relation to host or virus RNA metabolism remains to be deter- 
mined. However, in context with other studies from this laboratory (to be 
reported separately) a possible relation of the lesion-sparing effect of exogenous 
RNA to the synthesis of influenza virus (an RNA virus) is suggested. These 
corollary studies have demonstrated enhanced yields of influenza viruses in 
eges injected with RNA. 

It is tentatively proposed that the administration of exogenous RNA may 
““spare’’ the endogenous host RNA deviated by the virus to its own synthesis, 
and that the sparing effect reduces host cell damage in the presence of unaltered 
viral synthesis. 


66. RADIOACTIVE TRIOLEIN EXCRETION AND INCREASED 
INTESTINAL MOTILITY 


Artuur P. Kiorz, M.D., Roperr O. Mosser, M.D. (By Invitation), AND 
LupwaLp O. P. Perry, M.D. (By Invitation), Kansas Crry, Kan. 


Standardization of normal limits for feeal exeretion of radioactive triolein 
has provided a simple and rapid elinical method for the determination of in- 
creased fat in the stool. Isotope studies in patients with diabetes have suggested 
that the steatorrhea of diabetic nocturnal diarrhea may be on the basis of 
altered motility since fat absorption was found to be normal during a remission 
in one such patient. 

Alteration of fat absorption can be demonstrated by inereasing intestinal 
motility in otherwise normal subjects with the use of castor oil. Patterns of 
excretion were studied for varied time intervals of purgation after tracers were 
administered. Results show fat excretion to be well above normal limits. 

The elinieal importance of such information relates to the common problem 
of funetional diarrhea with accompanying increased small bowel motility and 
its possible confusion with other causes of steatorrhea when the radioactive 
triolein test is used as a sereening procedure. 


67. IN VITRO METABOLISM OF TRITODOTHYRONINE BY VARIOUS 
ORGANS 


F. C. Larson, M.D., K. Tomrra, Pu.D. (By Invitation), AND 
E. C. Atsricut, M.D., Mapison, Wis. 


Previous studies have shown that rat kidney slices contain an enzyme which 
deiodinates thyroxine to yield triiodothyronine. Further, a soluble enzyme has 
been obtained from sonically disintegrated rat kidney mitochondria which 
eonverts thyroxine and triiodothyronine to the corresponding acetic acid 
analogues. 

In the present study the metabolism of I'*!-labeled triiodothyronine by 
mitochondria of rat liver, heart, and brain was examined. Mitochondria of 
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kidney were used as a control. Both intact mitochondria and a soluble enzyme 
prepared by dialysis of sonic disintegrated mitochondria from each organ 
studied were employed. The reaction mixture containing phosphate buffer 
(pH 7.4), DPN, triiodothyronine and enzyme preparation was incubated at 
37° ©. for 2 hours. Following incubation the reaction mixture was applied 
directly to a paper strip and chromatographed with tertiary amyl aleohol—2 N 
ammonia solvent system. Loealization of radioactivity was accomplished with 
a chromatograph seanner, while the position of unlabeled carrier was determined 
by means of the diazo reaction. 

Two separate reactions were observed: (1) deiodination and (2) conver- 
sion of triiodothyronine to triiodothyroacetie acid. 

Intact mitochondria from the kidney and liver were found to actively 
deiodinate triiodothyronine. Intact mitochondria from the heart exhibited 
very weak deiodinating activity, and those from the brain demonstrated none. 
Sonie disintegration of mitochondria completely abolished their deiodinating 
activity. 

Conversion of triiodothyronine to triiodothyroacetiec acid: was observed 
with intaet liver mitochondria. The enzyme activity was comparable to that of 
kidney, and like kidney was retained after solubilization of the mitochondria. 
Heart mitochondria were weakly active in conversion of triiodothyronine to 
triiodothyroacetic acid, and those from brain were inactive. 


68. CORRECTION OF ANDROGEN DEFICIENCY IN KLINEFELTER’S 
SYNDROME BY CHORIONIC GONADOTROPHIN TREATMENT 


Ropert B. Leacn, M.D. (By Invitation), Wimu1rAM O. Mappock, M.D., 
C. Atvin PauLsen, M.D. (By Inviration), JoHN LANMAN, M.D. 
(By Inviration), Derrorr, Micu., AND WARREN QO. Neuson, M.D. 

(By Inviration), New York, N. Y. 


Testicular biopsy and urinary gonadotrophin assays permit the separation 
of eunuchoidism into two main types: hypogonadotrophic, characterized by 
infantile testes and low gonadotrophin exeretion; and hypergonadotrophic, 
characterized by damaged or defective testes and high gonadotrophin levels. 
A therapeutie trial of chorionic gonadotrophin has been suggested as a clinical 
means of separation, a positive response being expected in hypo- but not in 
hypergonadotrophie eunuchoids. 

In Klinefelter’s syndrome, a type of hypergonadotrophie hypogonadism of 
congenital origin, Leydig cell deficiency may or may not be present; all degrees 
of androgen deficiency are encountered between the extremes of normal sexual 
development and marked eunuchoidism. In even the most eunuchoidal eases, 
however, testicular biopsy usually reveals relatively abundant Leydig cells of 
surprisingly good appearance. In an attempt to inerease androgen production 
by these cells, chorionic gonadotrophin 5,000 units 3 times weekly intramusceu- 
larly was administered for 2 weeks to 11 months to 15 patients having Kline- 
felter’s syndrome. The patients’ ages ranged from 15 to 51, and averaged 
29 years. The diagnosis was based in each case on the finding of elevated 
urinary gonadotrophin exeretion, small testes exhibiting the typical biopsy 
pattern of elumped Leydig cells interspersed among hyalinized seminiferous 
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tubules, and buceal smears or skin biopsies showing a female chromatin 
pattern. Eight patients were moderately eunuchoidal, 3 were slightly eu- 
nuchoidal, and 4 showed normal adult sexual development. 


During treatment, 10 patients reported enhanced libido and inereased 
number of erections. Growth of genitalia was noted in 7 of the eunuchoidal 
patients. Urinary estrogen excretion, which has proved a sensitive criterion of 
Leydig cell response to stimulatory therapy in normal men and hypogonadotro- 
phie eunuchoids, was studied in 10 patients. In each, levels increased to at 
least twice pretreatment values. Since symptomatic improvement promptly 
disappeared upon stopping treatment, chorionic gonadotrophin offered no 
advantage over testosterone therapy. 

It is concluded that the Leydig cells in Klinefelter’s syndrome, despite 
elevated endogenous gonadotrophin levels, remain responsive to administered 
gonadotrophin. Consequently, a therapeutie trial of chorionic gonadotrophin 
will not differentiate hypo- from hypergonadotrophie syndromes. 


69. THE EXPERIMENTAL PRODUCTION OF SPLENIC 
SEQUESTRATION OF ERYTHROCYTES IN 
PATIENTS WITH SICKLE CELL TRAIT 


Wintuim C. Levin, M.D., WituiAm D. Batrp, M.D. (By Inviration), 
JoHN E. Perry, M.D. (By Invitation), AND WILLIAM W. K. Zunc, M.S. 
(By INvITATION), GALVESTON, TEXAS 


Autologous erythrocytes labeled with Na.Cr°4O, were transfused during 
periods of hypoxia (duration 60 to 90 minutes) induced by the breathing of 
mixtures of oxygen and nitrogen. Radioactivity over the spleen, liver, and 
heart was determined by the external counting method of Jandl and associates 
and erythrocyte survival time was determined by a modification of the method 
of Read and associates. 

Hypoxia simulating the oxygen content of the atmosphere at 7,000 and 
8,000 feet altitude produced no changes in these parameters in normal humans. 
Similarly, no changes were observed in one patient with sickle cell trait 
(hemoglobin AS) who was exposed to hypoxia simulating an altitude of 5,000 
feet. Two patients (hemoglobin AS) made hypoxie to simulate an altitude 
of 7,000 feet and two patients (hemoglobin AS) made hypoxie to simulate an 
altitude of 8,000 feet behaved alike. In each instance there was an increase 
in splenic activity and/or a reduction in hepatie activity which persisted for 
3 to 15 days following the period of hypoxia. Thereafter, normal splenie and 
hepatie activity was established. The duration of splenic hypersequestration 
appeared to be directly related to the degree of hypoxia. During the period 
of splenic concentration of labeled erythrocytes, erythrocyte survival time was 
significantly reduced (T14—13 to 20 days), but after spleen and liver activity 
returned to normal, normal erythrocyte survival time was established. One 
patient (hemoglobin AA) whose hematologie characteristics suggested a diag- 
nosis of thalassemia minima behaved in a similar fashion following exposure 
to hypoxia simulating an altitude of 8,000 feet. 





These data indicate that induced hypoxia may produce transient splenic 
hypersequestration of labeled erythrocytes containing S hemoglobin. A similar 
phenomenon is suggested in the presence of thalassemia. 
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70. DIFFUSING CAPACITY OF PULMONARY MEMBRANE AND 
PULMONARY CAPILLARY BLOOD VOLUME IN NORMAL 
SUBJECTS; THE EFFECTS OF EXERCISE AND 
BODY POSITION ; PRELIMINARY OBSERVATIONS 
IN CARDIAC PATIENTS 


BENJAMIN M. Lewis, M.D., Tar-Hon Lin, M.D. (By Inviration), RicHarp 
Komisaruk, B.S. (By INviraTIon), AND FraNces E. Nor, M.D. 
(By Invitation), Detroit, Micu. 


A measurement of over-all diffusing capacity of the lungs by the single 
breath carbon monoxide technique depends on the thickness and area of the 
pulmonary membrane, the volume of blood in the eapillaries, and the rate at 
which this blood reacts with CO. In congestive heart failure, increased thick- 
ness of the membrane and increased eapillary volume might coexist; since they 
influence over-all diffusing capacity in opposite directions, a change in one 
might mask a simultaneous change in the other. To separate these two factors, 
three measurements of total diffusing capacity are made at three different 
oxygen tensions. Reaction rate of CO with hemoglobin is known approximately 
from in vitro experiments; its reciprocal, the resistance to diffusion due to 
reaction rate, inereases linearly with oxygen tension. If the reciprocal of over-all 
diffusing capacity, which is the total resistance to diffusion, is plotted against 
reaction rate resistance, membrane diffusing capacity and capillary volume may 
then be estimated (Forster and associates: Am. J. Physiol. 183: 615, 1955). 
Twenty-two such measurements were made in 18 seated normal subjects. Aver- 
age capillary volume was 89.0 ml., and average membrane diffusing capacity 
was 56.5 ml./mm. Hg/min. Capillary volume and membrane diffusing ¢a- 
pacity are positively correlated with height, weight, body surface area, and 
vital capacity. Exercise in 4 normal subjects caused an inerease of 15.9 ml. in 
capillary volume and 16.8 ml./mm. Hg/min. in membrane diffusing capacity. 
The reeumbent position produced a mean inerease in eapillary volume of 26.5 
ml. in 4 normal subjects, but did not change membrane diffusing capacity 
consistently. Preliminary studies in eardiae patients suggest the potential 
usefulness of estimating separately capillary volume and membrane diffusing 
capacity. Two patients with untreated congestive heart failure showed an 
increased capillary volume, but a decreased membrane diffusing capacity; 
both values changed toward normal with treatment. One patient with mitral 
insufficiency, not in failure, showed an increased capillary volume but a normal 
membrane diffusing capacity. Two of these patients showed a normal over-all 
diffusing capacity while breathing room air. 


71. OBSERVATIONS ON THE ROLE OF THE PLASMA 
ERYTHROPOIETIC FACTORS IN 
POLYCYTHEMIA VERA 


JAMES W. LinmMAN, M.D. (By Invitation), AND FRANK H. BEeTHELL, M.D., 
Cuicaco, Int. AND ANN ArRBor, MIcH. 


The mechanisms governing erythropoiesis include humoral factors which 
exert important physiologic and pathophysiologic influences over the production 
of erythrocytes. Current information suggests the existence of two such fac- 
tors. One is thermostable, ether soluble, and when administered to normal rats 
stimulates erythroblastie cellular division. This is manifested by erythrocytosis 
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due to microecytes with decreased osmotic resistance, reticulocytosis, and in- 
ereased numbers of marrow erythrocytic precursors. The other factor is rela- 
tively thermolabile, insoluble in ether, and augments hemoglobin synthesis. 

The overproduction of erythropoietic factors in experimental situations and 
in human subjects with secondary polyeythemia and some types of anemia is 
most likely related to general or loeal tissue hypoxia. Patients with polycythemia 
vera also have enhanced plasma erythropoietic activity. This finding, together 
with the absence of demonstrable hypoxia in polyeythemia vera and the evidence 
previously reported against the production of the plasma factors by hemopoietic 
elements, suggested to us that the humoral factors may have etiologic significance 
in this disorder. Additional support for such a causal relationship has been 
obtained. 

Microcytes with decreased resistance to lysis in hypotonic media similar 
to those present in rats injected with the thermostable plasma factor have been 
demonstrated in patients with polycythemia vera. Osmotic fragilities determined 
by a photocolorimetrie method were not abnormal but decreased resistance of 
the microeytes was evident with a direct cell enumeration technique employing 
red cell pipettes and hypotonic salt solutions as diluents. To date we have 
studied two patients, both before therapy and after normal erythroid values 
were achieved following treatment with P**. In both patients enhanced plasma 
erythropoietie activity persisted in spite of normal peripheral blood values as 
did the mierocytes with abnormal osmotic behavior. Data from more patients 
in remission are being obtained. 

On the basis of these preliminary observations, the plasma factors would 
appear to be coneerned with the pathogenesis of polycythemia vera at least in 
some cases. The stimulus to the derangement in the erythropoietic regulatory 
mechanisms is unknown. Studies in regard to the presence of humoral factors 
concerned with excessive granulopoiesis and thrombopoiesis in polyeythemia 
vera are in progress. 


72. TREATMENT OF POLYCYTHEMIA VERA WITH MYLERAN 
(1, 4-dimethylsulfonoxybutane ) 
PRELIMINARY REPORT 
JoHN Louts. M.D., Cuicaco, Inu. 
(INrrRopUcED By Louis R. Limarz, M.D.) 


Ten patients with polyeythemia vera were treated with Myleran. Ages 
ranged from 50 to 64 years; 3 were women. Duration of illness prior to the 
onset of Myleran therapy ranged from 3 to 8 years. The diagnosis was con- 
firmed by usual hematologic techniques. Al! patients were previously treated 
with triethylene melamine, radioactive phosphorus, and intermittent venesection. 
Previous therapy was discontinued 1 to 12 months before initiation of Myleran 
therapy to facilitate re-establishment of the polyeythemie state. 

Four patients received Myleran therapy for less than 2 months, and 5 for 
longer than 7 months. In 7 patients the initial dose ranged from 4 to 10 mg. 
per day for 2 to 6 weeks. Three patients required venesection of 500 ml. each. 
One patient (hematocrit 70 per cent) required venesection of 4,500 ml. Initial 
hematocrits ranged from 48 to 70 per cent (6 patients >51 per cent) and 
leukocyte counts from 10,700 to 54,500 cells/emm. (5 patients >12,500 
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cells/e.mm.). The hematocrits and leukocyte counts became reduced in all pa- 
tients during therapy. After the period of initial dosage the hematocrits ranged 
from 46 to 61 per cent (2 patients >51 per cent) and leukocyte counts ranged 
from 4,500 to 41,100/e.mm.’ (3 patients >12,500 cells/e.mm.). Maintenance 
dosage varied from 4 mg. per day to 2 mg. per week for 4 to 9 months. To date 
maintenance therapy was not necessary in 3 patients (2 to 7 months). At present 
hematocrits range from 32 to 53 per cent (one patient >51 per cent) and leuko- 
eyte counts 3,900 to 26,200 cells/e.mm. (one patient >12,500 cells/e.mm.). Five 
patients had splenomegaly. The spleen is no longer palpable in 2, and is signifi- 
cantly reduced in 3. In the 3 patients with hepatomegaly, reduction in size 
could not be demonstrated . 

One patient developed marked anemia (hematoerit 25 per cent) leukopenia, 
(1,200 cells/e.mm.), and thrombocytopenia (30,000 platelets/e.mm.). The bone 
marrow, however, was hyperecellular. The patient has since shown a progressive 
recovery of her peripheral blood elements. 

Myleran appears to be effective in controlling the polyeythemic state. 
Whether or not it will be generally useful in the treatment of polyeythemia vera 
will depend on further clinical evaluation. 


) 


3. CORRELATION OF RADIOACTIVE (I) ROSE BENGAL TEST 
WITH LIVER FUNCTION TESTS 


Cart H. Lum, M.D. (By Invitation), WiiLIAM MARSHALL, M.D. (By 
INVITATION), AND Donaup D. Kozoii, M.D., Caicaco, Tu. 


The radioactive (1'*') rose bengal test is used as a measure of hepatic 
parenchymal function and biliary patency. In our series we have 48 cases serving 
as normal controls, 71 with cirrhosis, 53 with infectious hepatitis, 23 calculous 
patients, and 36 patients with carcinomatous extrahepatic obstruction. On the 
same day of testing, blood was drawn for the following chemistries: albu- 
min/globulin ratio, alkaline phosphatase, ieterus index, thymol turbidity, and 
gamma globulin turbidity. We have attempted to correlate these with the 
rose bengal uptake rates and blood counts. 

Five microcuries of radioactive rose bengal solution was injected intrave- 
nously and a lead collimated scintillation counter placed over the liver. Uptake- 
excretion graphs were completed in 45 to 90 minutes and levels were again ob- 
tained in 6 and 24 hours. Blood samples of 1 ml. were drawn concurrently and 
measured in a deep-well counter. 

Uptake rates were plotted against albumin/globulin ratios in the form of a 
scattergram. Most eases had an A/G ratio of less than 2:1. Ratios less than 
1:1 had low uptakes and were predominantly cirrhotic. In all groups, the 
ratios were related more to the diagnosis and showed no significant correlation 
with uptake rates. 

Alkaline phosphatase versus uptake likewise showed no significant correla- 
tion. As expected, carcinomatous and ealeulous obstruction had the highest 
alkaline phosphatase levels, but its uptake rates varied considerably. 

Uptake plotted against icterus index showed good correlation. In all groups 
except for hepatitis, the cases with the lowest uptake had the highest icterus in- 
dex and those with higher uptakes showed a lower icterus index. Hepatitis 
produced a higher uptake than the groups which had the same degree of icterus. 

Uptake rates showed no significant relationship when compared with thymol 
turbidity and gamma globulin turbidity. There were wide variations in uptake 
rates at any given thymol or gamma globulin turbidity level. 
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Peak blood counts plotted against icterus index showed an excellent correla- 
tion. In all groups, it was evident that the higher the icterus, the higher were 
the peak blood counts. 

The fact that the rose bengal (I'*") test is independent of the other liver 
function tests employed except for the icterus index would increase its sphere 
of usefulness. 


74. ADAPTATION OF THE ANTIGLOBULIN TEST FOR USE WITH 
TANNIC ACID TREATED ERYTHROCYTES 


KENNETH P. Matuews, M.D., ANN ArBor, MICH. 
(INTRODUCED BY JOHN M. SHELDON, M.D.) 


Although it is tempting to use the antiglobulin (Coombs’) test in the study 
of antibodies which fail to give direct hemagglutination, results of this test 
are not meaningful when tannie acid treated erythrocytes are used (Boyden’s 
technique), since these cells nonspecifically adsorb normal serum globulins. 
Attempts to exhaust tanned red blood cells’ ability nonspecifically to take up 
globulin by preliminary incubation with several proteins were unsuccessful, 
but employing serum from a suitable species for this purpose has proved use- 
ful. The procedure is as follows: (1) tanned R.B.C. plus (2) antigen, (3) 
followed by preliminary incubation with serum of species A, (4) followed by 
exposure to specific antiserum of species B, (5) followed by testing with anti- 
globulin serum prepared by injecting species A with serum globulin of species B. 
Alternatively, serum from a third species (C) may be used for preliminary ineu- 
bation in step 3 provided the antiglobulin serum used in the last step (5) is first 
neutralized with serum from this third species (C). 

Studies employing a system involving tanned egg albumin (Ea) sensitized 
R.B.C. preliminary incubation with human serum, exposure to rabbit anti-Ea 
serum, and testing with hen antirabbit globulin serum neutralized with normal 
human serum have yielded specific reactions in substantial titers (e.g., 1:3,200). 
Preparations of serum albumin or gamma globulin cannot be substituted for 
whole serum or plasma in the preliminary ineubation step (3). There is con- 
siderable variability in the ease with which the nonspecific adsorbtion globulin 
from different rabbit sera ean be inhibited by human serum. In instances where 
the amount of the latter required to produce complete inhibition becomes too 
large to be practical, a differential agglutination titer can be obtained by com- 
paring results with and without preliminary neutralization of the specifie anti- 
serum by direct addition of antigen. 

The reproducibility of the results is good, though the test is distinetly less 
sensitive than the direct tanned cell technique (Boyden). It has been developed 
to study human allergic antibodies which fail to give direct agglutination of 
tanned erythrocytes sensitized with allergens. 

75. THE EFFECTS OF SEROTONIN (5-HYDROXYTRYPTAMINE) 
UPON SYSTEMIC, PULMONARY, AND CORONARY 
HEMODYNAMICS AND METABOLISM 
Grorce M. Maxwe.ui, M.B., M.R.C.P. (By INviration), Cesar, A. CASTILLO, 
M.D. (By Invitation), Doueuas H. Wuire, Jr., M.D. (By Invitation), 
AND CHARLES W. Crumpton, M.D., Mapison, WIs. 


Eighteen mongrel dogs were anesthetized with morphine sulfate (3 mg./Kg. 
I.M.) followed in one hour by pentobarbital (12 mg./Kg. I.V.). Control cardiac 





Pebae caKe (i 





Volume 50 PROCEEDINGS OF THE THIRTIETH ANNUAL MEETING 931 
output (Fick) and coronary blood flow (N.O application of Fick) were deter- 
mined; 20 minutes was allowed to elapse before serotonin creatinine sulfate was 
administered by infusion through a catheter in the right atrium (20 pg/Kg./ 
min.). Five minutes after starting the serotonin administration, cardiae out- 
put and coronary flow measurements were repeated, during which time the in- 
fusion was continued. 


Heart rate inereased from 94 to 115/min., M.A.B.P. decreased from 104 to 
85 mm. Hg, and mean pulmonary artery pressure changed by +30 per cent. 
Since cardiae output and stroke volume were unchanged, left ventricular work 
and total peripheral resistance decreased due to the change in M.A.B.P. Total 
pulmonary resistance and right ventricular work increased as a function of eleva- 
tion of pulmonary artery pressure. An inerease in ventilation was associated 
with a significant reduction in carbon dioxide content of arterial, mixed venous, 
and coronary sinus blood. Coronary flow increased from 71 to 85 ml./100 
Gm./min. Coronary flow/beat ratio was unchanged. Coronary vascular resist- 
ance decreased significantly. Coronary sinus oxygen content increased from 
3.1 to 5.9 vol. per cent. Thus the decrease in myocardial oxygen extraction as- 
sociated with the increase in coronary flow resulted in myocardial oxygen con- 
sumption remaining unchanged. Myocardial carbon dioxide exeretion was 
maintained in a similar manner. The index of efficiency (left ventricular 
work/CMRO.) decreased. Coronary blood flow/left ventricular work ratio in- 
creased by 65 per cent. 

Under the experimental conditions described, serotonin acts as a peripheral 
and coronary vascdilator and has a vasoconstrictor effect upon the pulmonary 
vascular system. The decrease in coronary vascular resistance was associated 
with a reduction in M.A.B.P., increase in coronary flow, with myocardial oxygen 
consumption remaining unchanged. This is the pattern of a ‘“‘benign’’ coronary 
vasodilator. 


76. MAGNESIUM DEFICIENCY IN CHRONIC ALCOHOLISM 


Rosert McCouuister, M.D. (By INviration), EpMuNpD B. FINK, M.D., AND 
Ricuarp P. Dor, M.D. (By Invrration), MrnneEapo.uis, MINN. 


Symptomatic magnesium deficiency states have been reported in experi- 
mental animals, in livestock, and in man. Since magnesium is an ubiquitous 
element, spontaneous deficiency in man is unknown. Deficiency in man usually 
occurs after prolonged parenteral fluid treatment without magnesium replace- 
ment and in chronic aleoholism. Low serum magnesium levels have often ac- 
companied magnesium deficiency states, but not invariably. Since serum mag- 
nesium levels are static measurements and are unpredictably normal even when 
deficiency exists balance studies were undertaken in alcoholics to obtain evidence 
of total body depletion of magnesium. 

In control patients with peptie ulcer on a diet of milk, or of milk and cream, 
toast, and eggs, magnesium balances were all negative with minus values of 9, 
3, 26, and 19 mEq. obtained during 6-day study periods. The negative balances 
averaged 12 per cent of intake. When 2 control patients were given intramus- 
cular magnesium sulfate, it was promptly excreted in the urine with no signifi- 
‘ant retention, only 10 and 4.8 mEq. of magnesium being retained (4.5 and 3.1 
per cent of intakes, respectively). 
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In 2 aleoholie patients studied for 8 days, with diet and sedation the only 
therapy, positive balances of 39 and 66 mEq. were measured, averaging 39 per 
cent of intake. Body magnesium conservation was frequently reflected in 
strikingly low urinary magnesium exeretion. Five aleoholic patients were treated 
with diet and intramuscular magnesium sulfate. Positive balances of 170, 55, 
35, 118, and 74 mEq. in a period of 6 days were obtained, using magnesium 
sulfate in amounts ranging from 48 to 222 mEq. The positive balance averaged 
37.2 per cent of intake (range 22.5 to 51.3 per cent). 

These results are further evidence of total body magnesium depletion in 
chronie aleoholism and lend support for the rational use of magnesium salts as 
part of the treatment of acute and chronie alcoholic states. 


77. THE EFFECT OF LONG-TERM ADMINISTRATION OF AN 
ANABOLIC DRUG, NORETHANDROLONE, ON THE BLOOD 
LIPIDS OF CHRONICALLY UNDERWEIGHT INDIVIDUALS 


Ropert C. Meape, M.D. (By Inviratrion), JACQUELINE OWENBy, B.S. (By 
INVITATION ), AND Ross C. Kory, M.D., MmwauKeEr, WIs. 


Serial studies of blood lipids were carried out before and during continuous 
long-term administration of norethandrolone (Nilevar), to 57 chronically un- 
derweight, but essentially healthy, individuals. Statistically significant weight 
gains in these individuals have been previously reported from this laboratory. 

The 57 subjects included: (1) 24 elderly males 55 to 70 years of age and 
(2) 11 women and 22 men, all between 18 and 40 years of age. 

A daily oral tablet containing either 25 or 50 mg. of norethandrolone or a 
placebo was administered by the double blind technique for periods of 3 to 6 
months. Blood samples were drawn for serum cholesterol, lipid phosphorus, 
alpha and beta lipoprotein, and protein fraction determinations prior to therapy 
and at monthly intervals during therapy. Serum proteins and lipoproteins were 
separated by paper electrophoresis. The sera for these determinations were 
frozen and stored until all samples had been obtained. This permitted simultane- 
ous separation and staining of all sera from each subject in order to ensure valid 
comparisons. 

On the 50 mg. norethandrolone dosage, the same changes were observed 
in both age groups. There was a distinct reduction in alpha lipoprotein but no 
change in beta lipoprotein levels, with a resultant decrease in the alpha/beta 
ratio. Both cholesterol and phospholipid levels decreased, but the cholesterol / 
phospholipid (C/P) ratio increased slightly. Although women initially showed 
higher alpha lipoprotein and lower cholesterol levels, the changes were similar 
both in direction and degree to those observed in men. 

On the 25 mg. norethandrolone dosage, moderate reductions in both choles- 
terol and phospholipid levels, together with an increase in the C/P ratio, were 
observed in both age groups. In the younger subjects, no changes in lipoprotein 
values were seen. In the older individuals there were proportional decreases 
in both the alpha and beta lipoproteins with no change in the alpha/beta ratio. 

Serum protein fractions remained relatively constant throughout. 

These findings suggest that a daily 50 mg. dose of norethandrolone results 
in blood lipid changes similar to those observed with methyltestosterone. These 
lipid effeets were infrequently seen at the 25 mg. dose level. 
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78. EFFECTIVENESS OF MONOVALENT INFLUENZA A-PRIME 
VACCINE DURING 1957 A-PRIME EPIDEMIC 


GORDON MEIKLEJOHN, M.D., DENVER, COLO. 


Monovalent aqueous influenza A-prime (AA56) vaccine was given to 1,188 
and monovalent aqueous influenza B (GL54) vaccine to 1,216 unseasoned mili- 
tary personnel in mid-December, 1956. Antibody response was evaluated by 
hemagglutination-inhibition tests with strains AA56 and De 1-57. The vaccine 
was shown to be highly antigenic in tests with the homologous strain (AA56) 
but produced only a poor response to the heterologous strain (De 1-57) responsi- 
ble for the epidemic, which was an A-prime virus of Nederland 1956 type. A 
sharp epidemie of influenza began two weeks after vaccination. Follow-up ob- 
servations were limited to men who were hospitalized. Diagnosis was based 
on the serologic tests for influenza A, influenza B, and adenovirus. During the 
period of the epidemie 46 men in the vaccinated group and 98 men in the con- 
trol (influenza B vaccinated) group were hospitalized. The number of cases 
of influenza was 11 (9.2/1,000) in the vaccinated and 62 (50.9/1,000) in the 
control group. The number of men admitted with other respiratory diseases 
was 35 (29.5/1,000) in the vaecinated group and 36 (29.6/1,000) in the control 
group. The protection ratio was 5.5 to 1. Subsequent to the influenza epidemic 
a considerable number of cases of adenovirous and streptococeal infections oc- 
curred in the study group. These were equally distributed between the vacci- 
nated and control groups. In a coneurrent study in seasoned troops the inei- 
dence of influenza was considerably lower in the control group. A comparable 
protective effect was not observed. Possible explanations for the difference in 
results are discussed. 


79. INVESTIGATIONS ON THE METABOLISM OF HYDROCORTISONE 
IN PATIENTS WITH SHOCK DUE TO INFECTION 


JAMES C. Me.sy, M.D. (By Inviration), Ricuarp H. Eapaun, M.D., Px.D. 
(By INviraTION), AND WESLEY W. Spink, M.D., Mrnneapouis, MINN. 


Adrenal function has been studied in patients with shock due to infection 
by measuring the plasma concentrations of endogenous hydrocortisone and by 
measuring the rate of removal of injected hydrocortisone from the plasma. Hy- 
drocortisone is the principal adrenal cortical secretory product in man and was 
measured by the method of Silber and Porter. Patients in shock displayed very 
high levels of hydrocortisone. The normal controls had concentrations averaging 
14 we per cent, whereas in 20 patients with shock the average level was 63 pg 
per cent. Although the patients in shock had high concentrations of 17-hydro- 
cortisone, further stimulation of the adrenals with ACTH resulted in levels 
of over 100 »g per cent. These observations in man were confirmed in a group 
of 13 dogs by direct measurement of hydrocortisone in adrenal vein blood 
after shock had been produced by endotoxin from gram-negative bacteria. These 
studies in man and in the dog show that shock is not associated with adreno- 
cortical exhaustion. 

The rate of clearance from the plasma of infused hydrocortisone varies 
directly with the rate of its catabolism and is expressed in terms of its biologie 
half-life in the plasma. The mean plasma half-life of infused hydrocortisone of 
normal humans differed markedly from that found in patients with shock, 











934 CENTRAL SOCIETY FOR CLINICAL RESEARCH J. Lab. & Clin. Med. 


December, 1957 


Furthermore, there was considerable difference in the values in those patients 
with shock who recovered, and those who expired. The mean plasma half-life of 
hydrocortisone in the normal subject was 120 minutes; in 8 patients with shock, 
and who eventually recovered, the half-life was 85 minutes; and in 12 patients 
who died, the half-life was greater than 300 minutes. In interpreting the sig- 
nificance of these findings it is suggested that the half-life of hydrocortisone 
is prolonged in the moribund patient because of impaired hepatic function that 
occurs in the agonal state, while the decreased half-life in those individuals 
who recovered may represent an accelerated utilization of hydrocortisone in 
response to an inereased demand of the tissues. 


80. THE ABSORPTION, DISTRIBUTION, AND EXCRETION OF 
MECAMYLAMINE IN RATS AND MAN 


M. PD. Mitneg, M.D., M.R.C.P. (By Invrration), R. C. Murnrcxe, M.D., 
G. G. Rowr, M.D., ann K. Somers, M.R.C.P. (By Inviration), Cuicaco, IL.., 
AND LONDON, ENGLAND 


Mecamylamine is a secondary amine used in the treatment of hypertension. 
Observations were made on its absorption, distribution, and exeretion in man 
and animals. 

Balance studies in patients with hypertension indicate that mecamylamine 
was completely absorbed from the gastrointestinal tract. Its distribution in 
the body was studied by injecting it intraperitoneally into rats. Analysis of 
various organs was made before and 6, 12, 18, and 24 minutes after injection. 
The highest concentrations were noted in the spleen; decreasing concentrations 
followed in the liver, lungs, kidney, heart, and skeletal muscle. Mecamylamine 
‘apidly appeared within cells and in combination with nucleoproteins. This 
distribution is different from that of hypotensive agents, such as hexamethonium 
and pentolinium, which concentrate in the extracellular fluid. The intracellular 
concentration of mecamylamine is similar to what is seen with the antimalarial 
drugs, such as mepacrine and chloroquine. 

Eight hospitalized patients with severe hypertension were given steady 
maintenance doses (12.5 mg. to 37.5 mg./day) of mecamylamine. Serial ob- 
servations were made simultaneously of blood pressure, urinary pH, and con- 
centration of mecamylamine in the serum and urine. Studies were made during 
a period of acid urine excretion and later during a period of alkaline urine 
excretion. When the urine was strongly acid, large quantities of mecamylamine 
were found in the urine. This was accompanied by a rise in blood pressure. 
When the urine was very alkaline, only small quantities of meecamylamine were 
excreted, and the blood pressure was reduced. 

To study this phenomena further, 34 rats were injected intraperitoneally 
(25 mg./Kg. body weight) twice daily for 3 days. Sixteen were given am- 
monium chloride to produce an acid urine. The remaining 18 were given 
Diamox or sodium bicarbonate to alkalinize the urine. In the group excreting 
an alkaiine urine, there was marked retention of mecamylamine, and 13 rats 
died in apparent hypotensive crisis. In the group which excreted an acid urine, 
only 2 deaths oceurred. This difference is highly significant (P < 0.001). 

The relationship of pH differences to the transfer mechanism of mecamyla- 
mine across the cell membrane will be discussed. 
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81. URINARY FINDINGS IN COLLEGE ATHLETES FOLLOWING 
CONTACT AND NONCONTACT SPORTS 


Joun L. Morcan, M.D. (By Invrrarion), B. D. TinwELL, B.S. (By Lyvrration), 
AND Epwarp J. Ryan, M.D., Emporia, KAn. 


These preliminary observations record urinary findings in college athletes 
before, immediately after, and 7 to 9 days following participation in three major 
fields of intercollegiate athletics. 

Football.—Prior to the game, 17 players showed normal routine urinalyses. 
Immediately after, all 17 showed albuminuria, ranging from a trace to 3+. Three 
demonstrated microscopic hematuria. Nine showed granular or hyaline casts, 
or both. Sixteen players returned for examination 9 days after the contest. 
One player still had 1+ albuminuria and one had 4+ albuminuria. Two players 
still showed microscopic hematuria. No casts were demonstrated in the last 
eXamination. 

Track (cross-country )—Four runners had negative urinalyses before the 
contest. Immediately following, 3 had 3+ albuminuria, and one had a 1+ reac- 
tion. Three demonstrated microscopic hematuria. One had granular easts and 
one had hyaline casts. Two reported for study 9 days later, and their urine 
samples were normal. 

Basketball.—Five players had negative urinalyses before the game. Im- 
mediately after, albuminuria was demonstrated for 4, ranging from a trace to 
3+. There was no hematuria. Three specimens contained granular casts and 
one had hyaline easts. Seven days after the contest, all 5 were normal. 

As has been previously reported, it is apparent that albuminuria and 
evlindruria are common findings following athletic contests and usually sub- 
side in a short time after the resumption of average daily activities. It is 
noteworthy that bodily contact is not necessary for the production of al- 
buminuria and eylindruria. 


82. SEQUESTRATION OF TRANSFERRIN DURING IRON ABSORPTION 
IN IRON DEFICIENCY 


E. KE. Murrueap, M.D., E. R. Hautpen, M.D. (By Invitation), 
J. H. Mrrenetnu, M.D. (By Inviration), J. A. Strrman, M.D. (By Invrration), 
AND F. Jones, M.S. (By Invitation), DALuLAs, TEXAS 


Using the Barkan and Walker method for serum iron (SeFe) and the Rath 
and Fineh method for unsaturated iron binding eapacity (UIBC), the total iron 
binding capacity (TIBC) was reported as lowered in 14 iron-deficient subjects 
during the absorption of oral ferrous sulfate (J. Las. & Cir. MEp. 48: 926, 
1956). Exeeption was taken to these results based on the possibility of poor 
recovery of iron by the Barkan-Walkei method at high concentrations of SeFe. 
The potential import of the observations led to a repeat of the study on 16 iron- 
deficient patients using 3 methods simultaneously for SeFe (Barkan-Walker, 
Moore. and Kitzes) and two methods for UIBC (Rath-Fineh and Feinstein). 

The Barkan-Walker and Moore methods were compared at low, normal, and 
high SeFe by analysis of varianee. Using all values a significant difference was 
noted between the two methods (p 0.005). This difference was due to marked 








936 CENTRAL SOCIETY FOR CLINICAL RESEARCH j. i & Che, Med. 
ecember, 7 


differences in the samples from two subjects. Deleting those values (Chauvenet’s 
principle) no difference was found between the two methods (p 0.40). No differ- 
ence was found between the Rath-Finch and Feinstein methods for UIBC (p 


0.1). The standard error of the Rath-Finch method on duplicate determinations 
was 5.9 »g/100 ml. 


After 1.3 Gm. of ferrous sulfate by mouth (gelatin capsule, fasting state) 
a significant lowering of TIBC occurred in 14 of the 16 patients. Similar re- 
sults were obtained with the Rath-Finch method plus the three SeFe methods. 
The mean maximal change of TIBC at 2 to 4 hours was: Barkan-Walker —101 
+ 52; Moore —87 + 55; Kitzes —-61 + 29. Coneomitantly the SeFe rose. Simul- 
taneous use of Feinstein and Rath-F inch methods in 4 subjects yielded similar 
lowering of the TIBC in 3. Greatest lowering of transferrin occurred in pa- 
tients exhibiting tissue changes of iron deficiency. 

A transient lowering of transferrin during iron absorption supports the 
hypothesis considering transferrin in two phases in equilibrium, a circulating and 
a sequestered phase. In iron deficiency, according to this concept, the equilib- 
rium is shifted toward the cireulating pi ‘se producing a high TIBC and low 
SeFe. In hemochromatosis the sequester- . phase may be favored, thus a tend- 
eney toward a lowered TIBC while th = he . elevated. 


83. DEMONSTRATION OF AEROBIC VAIDATIVE GLUCOSE 
METABOLISM IN THE ERYTHROCYTE 


JoHN R. Murpeuy, M.D., CLEVELAND, OHIO 
(INTRODUCED BY R. WEISMAN, JR., M.D.) 


This study indicates that mature human erythrocytes utilize glucose aero- 
bieally by the phosphogluconie pathway as well as anaerobically by the Embden- 
Meyerhoft pathway. Although previous investigations have indicated that 
enzymes necessary for the phosphogluconie oxidation pathway are present in 
the erythrocyte, attempts to demonstrate aerobie glucose utilization have hitherto 
been unsuceessful. 

Normal human erythrocytes, washed free of leukocytes, suspended in autol- 
ogous serum, and ineubated with C™ glucose produce C™%O., indicating that 
oxidative glucose utilization via the phosphogluconie pathway occurs. Ineuba- 
tion with glucose-1-C™ results in one hundred times the radioactivity in the 
CO, as did glucose-6-C" indicating selective decarboxylation of the one car- 
bon position of the original glucose molecule. CO, would not be formed from 
glucose-1-C™* if the glucose metabolism were entirely via the Embden-Meyerhof 
pathway. 

Determination of glucose metabolized by the phosphogluconic oxidation path- 
way is based on the quantity of glucose utilized and the quantity of CO, 
recovered when blood is incubated with glucose-1-C™*. Ten to twenty per cent 
of the glucose metabolized at pH 7.5 oceurs via the oxidative pathway, and this 
is increased to 20 to 50 per cent at pH 7.1. The relative increase occurs because 
the amount of glucose metabolized by the anerobie Embden-Meyerhof pathway 
is significantly reduced at the lower pH, while the contribution of the aerobic 
oxidation pathway is relatively unchanged. This marked effect of pH may 
explain in part the failure of earlier investigators to demonstrate significant 
aerobic oxidative metabolism of glucose in erythrocytes. It has also been found 
that the oxygen saturation of the blood has a direct effect on the aerobie phos- 
phogluconie pathway. A decrease in the oxygen saturation results in a decrease 
in the amount of glucose metabolized by the aerobic oxidative pathway. 
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These studies indicate that there is significant aerobic oxidative glucose 
metabolism in mature human erythrocytes. The demonstration of the functional 
existence of aerobic oxidative metabolism may explain the utilization by eryth- 
rocytes of ribose-5-phosphate of nucleosides as a source of carbohydrate. 


84. SOME CORRELATES OF BLOOD PRESSURE LABILITY IN 
ESSENTIAL HYPERTENSION 


ADRIAN M. OstreLtp, M.D., ANp Ben Z. Lesovirs, Pa.D., Cutcaco, ILL. 
(INrRopUCED By Mark H. Lepper, M.D.) 


Acute and seemingly spontaneous variations in blood pressure may mask 
the true course of hypertensive disease or obscure drug effects. Knowledge of 
the nature and mechanism of such changes is essential to understanding the 
natural history and pathologie physiology of hypertension. This study explored 
some psychologic and physiologic correlates of blood pressure lability in 20 
Negro women with essential hypertension. 

Initially, it was postulated that lability might be related to severity of the 
disease or correlated with unusual sensitivity to changes in concentration of 
endogenous pressor agents. Labile hypertensives might exhibit greater ‘‘neuro- 
genic’’ control of blood pressure, or a greater vulnerability to psychologic or 
painful stimuli. There might be a predictable association between blood pressure 
lability and certain personality traits. 

The standard deviation of 5 random blood pressure determinations was 
chosen as the index of lability, and the subjects ranked accordingly. The above 
hypotheses were then tested by ascertaining blood pressure responses to the 
following procedures. 

1. Intravenous infusion of 10 y/min. levarterenol 

Intravenous infusion of 5 units/min. angiotonin 
. Intravenous injection of 400 mg. tetraethylammonium chloride 
4. Cold pressor test 


» 
9 
o 


). A standard psychologically stressful interview 

Some dimensions of personality and behavior were assessed by means of 
interviews and psychologic tests including the Minnesota Multiphasie Personality 
Inventory. 

There was no significant correlation between lability and the following: 
severity of the disease; pressor responses to levarterenol, angiotonin, or cold. 

The more labile hypertensives exhibited a significantly greater fall in sys- 
tolie blood pressure after tetraethylammonium chloride. There was a striking 
positive correlation between pressor responses to the psychologically stressful 
interviews and the lability rankings. Blood pressure variability also correlated 
significantly and positively with scores on the hysteria, hypochondriasis, and 
psychasthenia seales of the Minnesota Multiphasie Personality Inventory. Be- 
havior data and interviews indicated a greater day-to-day variability in feeling 
state and behavior among the more labile hypertensives. 

In summary, the subjects whose blood pressure was more labile were dis- 
tinguished by unusual vulnerability to psychologic stress, a specific psychologic 
test score pattern, wide fluctuations in affect, and a probable greater degree 
of “‘neurogenic’’ control of blood pressure, 
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85. ELECTROLYTE METABOLISM IN EARLY ESSENTIAL ARTERIAL 
HYPERTENSION 


Ricuarp E. Pererson, M.D. (By INviraTion), AND 
Water M. KirKeENDALL, M.D., Iowa Crry, lowa 


Electrolyte metabolism in essential arterial hypertension is of interest be- 
‘ause alterations in cellular electrolytes could be responsible for the increased 
vascular tone found. Studies of exchangeable electrolytes in hypertensive pa- 
tients have been fragmentary or have included patients with heart or renal 
failure so that a clear picture of electrolyte distribution in the early stage has 
not been demonstrated. 

Using Na™, K*?, and Br*?, we studied exchangeable sodium (Ey,), potassium 
(Ex), chloride (Eq), and the 20-minute distribution of Na** after intravenous 
administration for an estimate of extracellular space (ECF) in 12 men with 
early, uncomplicated essential hypertension and in 18 men of similar age and 
height without cardiovascular or renal disease who served as controls. To 
better classify the groups we measured glomerular filtration rate (Cy,), renal 
plasma flow (Cpar), clearance of electrolytes, and the response to an intravenous 
salt load (1 ml. 5 per cent NaCl per 0.01 M.2 B.S.A.). The hypertensive group 
had a mean increase of blood pressure of 27 mm. Hg systolic and 24 mm. Hg 
diastolic, was 28 pounds heavier (p < 0.01), and had > 45 per cent more adi- 
pose tissue (p < 0.01) than the control group. ECF space was smaller (p < 
0.05) as was Ex, (p < 0.01) and Em (p < 0.05) in the hypertensives when eal- 
culated as mEq./Kg. of body weight. There was a suggestive decrease in 
Ey,/Ex ratio, and a similar increase in exeretion of sodium after loading in 
the hypertensive patients (p > 0.1). Cpan was decreased (667 versus 542 
ml./min.) in the hypertensives (p < 0.05), but there was little change in Cyy 
between the two groups. 

The changes in ECF, Ex,, and Eq probably are secondary to the obesity of 
the hypertensive group. The relative increase in Ex and, therefore, the decrease 
in Eya/Ex ratio cannot be explained by the fatness of the hypertensive group. 
These data are consistent with the theory that there is little total change in 
body electrolytes in early essential hypertension, although there may be a change 
in their relative concentration in compartments of the body. The study demon- 
strates that many of the reported abnormalities of electrolyte metabolism are 
absent or blunted in mild, early hypertensives. 


86. EFFECTS OF HEPARIN AND DICUMAROL ON ATHEROGENESIS 
IN CHOLESTEROL-FED COCKERELS 


R. Pick, M.D.. J. Stamuer, M.D., ano L. N. Karz, M.D., Cutcaco, IL. 
(WitH THE ASSISTANCE OF D. FRIEDMAN AND P. JOHNSON) 


In view of the growing utilization of heparin and Dicumarol in the long- 
term treatment of human atheroselerotie disease, the effects of these drugs were 
assessed on experimental atherogenesis in cholesterol-fed cockerels. 

Three series of experiments were accomplished using depot heparin (2, 10, 
and 20 mg./bird/day) in chicks ingesting mash supplemented with 0.5, 1.0, 
and 2.0 per cent cholesterol plus 5 per cent cottonseed oil for 5 weeks. Heparin 
did not suppress diet-induced hypercholesterolemia, nor did it lower the level 
of any beta lipoprotein class in intact, alloxanized, or depancreatized cockerels. 
Coronary and aorta atherogenesis were also unaffected. 
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In two series of experiments with oral Dicumarol (4 to 30 mg./bird/day) 
for 5 weeks, aggravation of cholesterol-induced coronary atherosclerosis oc- 
curred; no effeets were observed on hyperlipemia or aorta atherogenesis. In 
one experiment, heparin and Dicumarol counteracted the ability of estrogens 
to prevent coronary lesions, i.c., both anticoagulants apparently exerted a posi- 
tive atherogenic effect. 

Despite prolongation of clotting time, no evidence was obtained of hemor- 
rhage into plaques. 

These findings suggest that heparin and Dicumarol, in the presence of the 
prerequisite dietary and lipid metabolic alteration, may potentiate atherogenesis 
in the ehick. 


87. HEMOGLOBIN M DISEASE 


ANTHONY VY. Pisciotta, M.D., SuHirtey Esse, M.D. (By INvitatIon), AND 
JEAN E. Hinz, B.A. (By Inviration), MiwavuKEE, WISs. 


Hereditable hemoglobinopathies among Caucasians of Nordic extraction 
are very rare. A globin abnormality leading to faulty oxygenation of hemo- 
globin was found by Horlein and Weber (Deutsche med. Wehnschr. 73: 476, 
1948) in a German family that had exhibited cyanosis for four generations. 
This hemoglobin, designated by Singer (Am. J. Med. 18: 633, 1955) as Type 
M was deseribed by Gerald, Cook, and Diamond (Science 126: 300, 1957) in a 
eyanotie family of German extraction and characterized as an abnormal methe- 
moglobin. 

This report is the study of a Swiss family with the hemoglobin M defect. 
The index ease, a 33-year-old woman, cyanotic since birth was shown to have 
splenomegaly and the hematologic manifestations of mild hemolytie anemia. 
The identical cyanotic defect was present in the patient’s father and son. <A 
daughter was normal. 

The blood was grossly chocolate brown, but methemoglobin could not be 
demonstrated by the usual speectrophotometrie or chemical means. The pres- 
ence of methemoglobin reductase was demonstrated by ability of the patient’s 
intaet erythrocytes to reduee nitrite induced methemoglobin to hemoglobin in 
vitro. 

Paper electrophoresis of hemoglobin showed two clear-cut components. 
The faster migrated in the position of adult (A) hemoglobin and was chocolate 
brown in color, implying faulty oxygenation. The slower fraction moved with 
the velocity of C hemoglobin and was bright red in color. Eleven per cent of 
hemoglobin was alkali resistant (Type F). 

It seems likely that this defect represents a type of dominant hereditary 
hemoglobinopathy (Type M) characterized by mild hemolytie anemia and eyano- 
sis. The properties of Type M hemoglobin include slow electrophoretic migra- 
tion and inability to transport oxygen. 


88. THE EARLY PATHOGENESIS OF EXPERIMENTAL 
HISTOPLASMOSIS 


JoHNn J. ProckNow, M.D. (By Inviration), Matcotm I. Pace, M.D. (By 
INVITATION), AND CLayton G. Loosii, M.D., Cuicago, IL. 


The natural route of infection with the organism Histoplasma capsulatum 
is generally considered to be via the respiratory tract. The chlamydospore of 
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the mycelial phase is inhaled, resulting in a primary pulmonary infection. Dis- 
semination of the organisms throughout the reticuloendothelial system occurs 
following conversion of the spore to the invasive yeast phase. 

This study was planned to demonstrate the initial histologic reaction to the 
histoplasma spore within the mouse lung during which the conversion of the 
spore to the yeast phase takes place. The natural mode of infection was simu- 
lated by introducing a saline suspension of mature tuberculate chlamydospores 
into the nares of ether-anesthetized white female mice. Approximately 700 
fifteen gram mice were each infeeted with 5,000 to 20,000 spores. Plating tech- 
niques proved 60 to 80 per cent viability of the spores. Groups of 3 to 6 mice 
were sacrificed at frequent (3 hour)intervals over a 10-day period for pathologie 
and cultural study. Others were observed for a more extended period (56 
weeks) and sacrificed at 2-day intervals. Lungs were fixed by the intratracheal 
injection of Zenkers-formol solution. Hematoxylin-eosin, hematoxylin-eosin- 
azure, Hotchkiss-MeManus, and Gridley staining techniques were employed. 
Organ cultures on routine media showed that by 3 days dissemination had oe- 
curred. 

Microscopie lung sections observed in sequential pattern beautifully illus- 
trated the early tissue reaction to the spore and its disintegration. Mature 
typical tubereulate chlamydospores approximately 10 » in size were seen in 
many alveoli. Within 6 hours they were ‘‘rimmed’’ by polymorphonuciear 
leukocytes. By 18 hours alveoli containing spores had become clogged with poly- 
morphonuclear leukocytes and epithelioid cells. Adjacent alveoli contained a 
few free macrophages. Exudate had spread into contiguous alveoli by 36 hours. 
At 48 hours spore tubereles protruded prominently and an internal trabeecula- 
tion and segmentation occurred. By 72 hours some spores had ruptured and 
portions of the chitenous wall were phagocytosed by macrophages. At this time 
encapsulated yeast cells also were seen in free macrophages. Only a few spores 
persisted beyond 5 days and showed variable modes of disintegration. The 
widespread distribution of the progressive granulomatous infiltrates in prox- 
imity to the bronchioles was notable. Foci of infection in other organs indieated 
by small granulomas could be observed by 6 days. 


89. FOOD ADDICTION AND ALCOHOLISM 
THERON G. RANDOLPH, M.D., Cuicaco, IL. 


Most of us adapt to our diet without becoming allergic. Some become sensi- 
tized to specifie foods, manifesting a pattern of symptoms largely dependent 
upon how frequently and how much is eaten per dose. 

In food addiction (high degree of chronic marked food sensitivity), one 
adapts to oft-repeated, regularly spaced, relatively constant-sized to gradually 
increasing feedings of a given food by being ‘‘picked up’’ immediately but 
‘‘hung over’’ several hours later. Progressively more frequent specific doses 
are required to relieve ‘‘hang-overs’’ and perpetuate ‘‘pickups’’—the worse the 
‘*hang-over,’’ the more satisiying the ‘‘pickup.”’ 

Avoidance breaks this adaptation, often resulting in temporarily trouble- 
some withdrawal effects. After these subside, an isolated dose precipitates an 
immediate reaction, the basis of the individual food ingestion test. This ex- 
plains why allergy to such rarely eaten foods as shrimp is readily recognized, 
whereas sensitivity to milk or common regularly eaten foods is not suspect. 

One customarily picked up from the usual amount of a given food often 
develops an acute reaction from a large or more rapidly absorbed dose. For 
instance, a spaghetti dinner or a drink of beer often upsets the bread-eating 
wheat-barley sensitive individual adapted to lower dosage. But with chronic 
exposures, such as daily beer drinking, these immediate postexposure upsets 
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taper off as one becomes adapted to and dependent upon progressively larger 
doses. With increasing sensitivity, adaptation to a given food or food contain- 
ing beverage levels off and finally fails. Size of dosage is then decreased to 
avoid immediate reactions. For example, a corn-sensitive aleoholic may cease: 
eating popeorn while drinking; simultaneous eating and drinking; using beer 
for bourbon; bourbon for Seoteh; Scoteh for gin; gin for wine, before finally 
abstaining. 

Specifically diagnosed alcoholics are usually allergie to corn, wheat, potato, 
grape, cane, beet, or yeast, but any food such as coffee may be involved. The 
abstaining aleoholie’s hang-overs and cravings, continued by specific foods, may 
be lessened or abolished by avoiding both potable and edible sources. Although 
social drinking of compatible beverages by alcoholics has been tried successfully, 
errors in specific avoidance or other allergic exposures may precipitate drinking 
binges ending in pathologie intoxication. 


90. THE INFLUENCE OF THE PULMONARY CAPILLARY BLOOD 
VOLUME, GAS TENSIONS, AND HEMATOCRIT ON DIFFUSING 
CAPACITY FOR CARBON MONOXIDE 
JoHN Rankin, M.D., R. S. McNett, M.D., anp R. E. Forster, M.D., 
Mapison, WIs., AND PHILADELPHIA, Pa. 


(INTRODUCED BY Ovip 0. Meyer, M.D.) 


Recently it has been shown that the diffusing eapacity of the lung for CO 
depends not only on the physical properties of the alveolar capillary membrane 
but to a comparable extent depends on pulmonary capillary blood volume and 
on the rate at which erythrocytes within the pulmonary capillary bed can take 
up CO. If the diffusing eapacity of the lung for CO (Dz) and the in vitro rate 
of combination of CO with intracorpuseular hemoglobin (@) are known for 
several different oxygen tensions, it is possible to assess the relative importance 
of these factors, and to determine the true diffusing capacity of the pulmonary 
membrane (Dy) and the pulmonary eapillary blood volume (Vc). Studies were 
performed on 34 normal subjeets and patients. An increase in alveolar oxygen 
tension decreased Dy; without change in the physical property of the membrane 
since O. completes with CO for hemoglobin. Hypereapnia increased Dy largely 
as a result of an inerease in Ve. In patients with anemia and no evidence of 
pulmonary disease, Dy decreased as a result of a reduction in the. pulmonary 
hematoerit and in some instances a marked reduction in Dy. In patients with 
diffuse interstitial pulmonary fibrosis or pulmonary emphysema Dy decreased, 
owing, in the main, to a decrease in Dy although in some instances there was 
also a reduction in Ve. In patients with pulmonary hypertension there was a 
proportionate reduction in Dy and Ve. In patients with pulmonary congestion 
as a result of heart disease the average Dy was normal, in spite of a redue- 
tion in Dy owing to a considerable inerease in Vo. These results indieate that 
the pulmonary eapillary blood volume, gas tension, and hematocrit have a 
significant effect on pulmonary diffusing capacity for CO. 


91. THE ROLE OF HAGEMAN FACTOR IN THE INITIATION OF 
CLOTTING BY GLASS 
Oscar D. Rarnorr, M.D., AND JERoLD M. RosENBLUM, M.D. (By Invitation), 
CLEVELAND, OHIO 


The forees which maintain the fluidity of blood within blood vessels are un- 
known. Normal human eell-free plasma clots slowly in silicone-coated tubes 
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but clots rapidly in glass. Margolis and Shafrir and deVries showed that the 
effect of glass was mediated at least partially by a component of plasma which 
was stable at 56° C. and was not adsorbed by barium sulfate or albumin hydrox- 
ide. Among described clotting factors, only plasma thromboplastin antecedent 
and Hageman factor have these characteristics. In agreement with these earlier 
studies, experiments demonstrated that the plasma of patients with a variety of 
ecoagulative disorders reacted with glass. These abnormal plasmas, treated with 
glass, accelerated the clotting of normal plasma. Only the plasma of patients 
with Hageman trait was deficient in the glass-reactive property. It has been 
shown previously that plasma of patients with Hageman trait behaved as 
though devoid of Hageman factor, which is required in vitro for the optimal 
development of plasma thromboplastie activity. These studies suggested that 
acceleration of clotting by glass required the presence of Hageman factor. 

The mechanism by which glass ‘‘activated’’ Hageman factor was studied 
by taking advantage of the observation that duck plasma seemed deficient in 
Hageman factor and its clotting was not enhanced by glass. When duck and 
human plasma were mixed before exposure of glass, the clot-promoting effect 
of glass was inhibited. However, duck plasma did not inhibit the acceleration 
of clotting by human plasma which had previously been treated with glass. 
The same results were obtained using plasma from patients with Hageman trait 
instead of duck plasma. Thus plasma from ducks or from patients with Hage- 
man trait appeared to inhibit the ‘‘aetivation’’ of Hageman factor bv glass. 

These observations suggest the following tentative hypothesis. The fluidity 
of blood within blood vessels is maintained by one or more inhibitors direeted 
against Hageman factor. Exposure of blood to glass removes this inhibition. 
The uninhibited or ‘‘activated’’ Hageman factor then initiates clotting. Since 
patients with Hageman trait do not have a bleeding tendency, other mechanisms 
may initiate clotting when blood leaves the vessels as the result of injury. 


92. RATES OF TRANSFER OF Rb*,. K*?, K%, Cl%*, Cl®5, Na??, AND Na** 
ACROSS A BLISTER SURFACE ON THE FOREARM OF NORMAL 
MAN AND PATIENTS WITH CHRONIC CONGESTIVE 
HEART FAILURE 


C. T. Ray, M.D., anp G. E. Burcu, M.D., New Or.Eans, La. 


The base of a eantharides blister on both forearms of control subjects and 
patients with congestive heart failure was used to study the kineties of electrolyte 
exchange across a living surface in intact man. Although multicellular and 
complex, this ‘‘membrane’’ is uniform, reproducible, and readily adaptable to 
such studies. The effects of varying the constituents of the fluid in the extra- 
corporeal blister compartment (e.b.e.) upon the rates of transfer of Rb**, K**, 
K*®, Cl8®, Cl°, Na®*, and Na** were observed. 

With Rb* in the subject’s sera in the e.b.e., concentration half-time of Rb*® 
was 91.3 + 24.5 and 91.3 + 16.6 minutes for left and right forearms, respectively. 
Rates of exchange for control subjects and patients with failure were the same. 
Since Rb*® and K* studies simultaneously had the same rates of transfer, the 
rate of exchange was calculated for K*® from the Rb* tracer studies at 0.00031 
mq. K per 10 em.*/min. 

With 5 per cent glucose, Rb** and K* (4 to 50 mEq./L.) in the e.b.e., the 
rates of exchange were: K**, 0.0027 + 0.0009; Cl**, 0.0075 + 0.0014; and Na?*’, 
0.0078 + 0.0017 mEq./10 em.?/min. 

Simultaneous rates of transfer of Rb** into and out of e.b.c. were equal with 
both changing and constant arterial concentrations of Rb**. The lymphatic 
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vessels contributed negligibly to removal of isotopes from e.b.ec. Na®* and Cl** 
transferred from e.b.c. at same rates as Na** and Cl*® entered from the blood. 
Differences in rates of transfer of Na®? and Rb** and of Cl** and Rb*® existed 
when combined in the same test solution. 
Results showed the following: 
1. Rb** is reliable as tracer of K*® in eapillary transfer rates. 
2. Blister base is reproducible and adaptable as model for such studies in 
man. 
4. Enormous amounts of electrolytes enter and leave the vaseular system; 
about 60,000 pounds of NaCl and 2,000 pounds K daily. 
4. Transfer capacity is increased by higher concentrations than in normal 
serum, 16,000 pounds K daily. 


5. Rates of transfer are limited by rate of circulation and mixing. 


93. THE QUESTION OF VASCULAR HYPERRESPONSIVENESS IN 
ARTERIAL HYPERTENSION 


PauL Rep.Lear, M.D. (By Inviration), AND Louts Topran, M.D., 
MINNEAPOLIS, MINN. 


One current theory about hypertension holds that the muscle fibers of 
arterioles are hyperresponsive to the normal amounts of norepinephrine seereted 
by the sympathetic nerve endings and to the normal amounts of circulating 
pressor substances. The evidence supporting this is that much less norepineph- 
rine is required to produce a given decrease in blood flow of the nail-fold, the 
conjunctiva, or the hand in hypertensive patients than in normotensive patients. 
Such in vivo experiments cannot distinguish between ‘‘real’’ and ‘‘apparent’’ 
hyperresponsiveness, however. By ‘‘real’’ hyperresponsiveness we mean an 
inereased per cent shortening of arteriolar smooth muscle after a given dose of 
pressor agent. By ‘‘apparent’’ hyperresponsiveness we mean a greater than 
normal change in peripheral resistance or flow accomplished by a normal per 
cent shortening of arteriolar muscle. We and Folkow have postulated that in 
arterioles with an inerease in wall thickness due to waterlogging or hyper- 
trophy, the same degree of muscle shortening will cause a greatly increased 
resistance to flow. Moreover, Folkow and Mendlowitz have evidence that such 
an increase in wall thickness probably oceurs in human hypertension. Leaving 
out the possibility of a thickened arteriolar wall, we have caleulated that a de- 
erease in lumen size per se as a result of already shortened circular muscle will 
cause an exaggerated increase in flow resistance for a given amount of additional 
muscle shortening. For these reasons it seemed desirable to test hyperrespon- 
siveness more directly. Spirally eut strips of aorta were obtained from both 
normotensive and hypertensive rats and suspended at 0.5 Gm. tension. Nor- 
epinephrine was added and the resulting inereased tension was measured iso- 
metrically. The aortic strips from 26 normotensive rats developed a mean 
additional tension of 0.43 Gm. with norepinephrine. The strips from 19 hyper- 
tensive rats developed tensions identical with those in the normotensive group. 
The strips from 10 other hypertensive rats developed between 0.07 and 0.22 
Gm. tension. Absolutely no hyperresponsiveness was seen in renal, desoxycor- 
ticosterone, or postdesoxycorticosterone hypertension. The muscle of the aorta 
in hypertensive rats may or may not be typical of all arterial smooth muscle. 
However, it generally shows normal responsiveness to norepinephrine. 
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94. PROTEIN METABOLISM IN INFECTION 
Eric Reiss, M.D., Sr. Louis, Mo. 
(INTRODUCED BY WILLIAM H. DauGuHapay, M.D.) 


The pattern of abnormal protein metabolism in acute infections was studied 
by use of isotope techniques. 

Pneumonia was induced in rats by intrabronchial instillation of Group A 
beta hemolytic streptococci. Animals serving as controls were intubated with- 
out instillation of microorganisms. All animals were fed a normal diet until 
the time of the operation and were starved thereafter. N-15 elyeine was given 
intraperitoneally either in divided doses for 3 days before the operation or as 
a single dose after the pneumonia was fully established. Animals were killed 
at intervals up to 160 hours. The proteins of the liver, kidney, and spleen were 
measured for the total amount present and N-15 enrichment. In one experiment, 
N-15 concentration of muscle protein was also measured. Urines were analyzed 
for nitrogen and N-15 enrichment. 

The urinary nitrogen exeretion in animals with pneumonia was inereased 
from 22 to 120 per cent. The concentration of N-15 in the urine was lower 
but the total amount of N-15 in the urine was greater in the animals with 
pneumonia than in the control animals. 

The N-15 concentration in the liver and kidney proteins was lower in the 
animals with pneumonia, both when the N-15 was given before and after the 
induction of pneumonia. In one experiment, the concentration of N-15 was 
also decreased in muscle protein in the animals with pneumonia. The total 
protein content of the livers of animals with pneumonia remained normal while 
that of control animals decreased greatly. However, the total amount of N-15 
in the liver was the same in both groups and the estimated turnover half-time 
of liver protein was unaffected by pneumonia. 

The data suggest that the predominant effect of infection is the mobiliza- 
tion of amino acids from muscle to the liver. This would make available large 
quantities of amino acids both for synthesis of protein in the liver and for oxida- 
tion to urea, and would explain the increased net synthesis of liver protein acid 
nonprotein nitrogen excretion observed under the conditions studied. Catab- 
olism of liver protein was unaffected by infection. 


95. CHANGES IN BODY COMPOSITION DURING THE COURSE OF 
ACUTE ANTERIOR POLIOMYELITIS 


ALEXANDER P. REMENCHIK, M.D. (By Invitation), 
JAMES A. SCHOENBERGER, M.D., AND JOSEPHINE M. Dyniewicz, Pu.C. 
(By Invitation), Cuicaco, IL. 


This study was designed to determine the changes in body composition 
which oceur during the course of acute anterior poliomyelitis. One to four 
serial (at 7 to 10 day intervals), simultaneous measurements of total exchange- 
able potassium (K,), antipyrine space (TBW) and radiosulfate space (ECF) 
were made in 20 male and 24 female patients with acute poliomyelitis. From 
these data were calculated intracellular fluid volume (ICF), lean body mass 
(LBM), exchangeable potassium per kilogram of lean body mass (Ky), con- 
centration of potassium per liter of cell water (Kycr), ratio of extracellular 
fluid and intracellular volumes to antipyrine space ( ECF ICF ) and r ti 
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of extracellular fluid volume to intracellular fluid volume ( HOF). Analysis of 
the clinical courses did not reveal any significant differences between male and 
female patients with respect to age, severity of illness, or time after onset of 
the disease the studies were done. 

K. decreased during the course of the illness and this decrease correlated 
with the clinical estimate of the extent of muscle wasting. Early in the illness, 
Kinm for males (66.5 + 10.2 mEq./Kg.) was significantly greater (p < 0.001) 
than Kypy for females (53.4 + 7.7 mEq./Kg.). During the course of the illness, 
Krew decreased significantly for males and females, but by the third serial study 
there was no significant difference between males (45.3 + 5.0 mEq./Kg.) and 
females (46.6 + 3.1 mEq./Kg.). <A significant difference (p < 0.01) for Kyor 
was noted between males (141 + 29.3 mEq./L.) and females (118 + 24.7 mEq./ 
L..) at the initial study. During the course of the illness Kycp decreased for 
males (114 + 21.2 mEq./L.) and was unchanged for females (119 + 15.9 mEq./ 
L..); however, the decrease in Kycp for males was not significant. There was a 





significant inerease during the course of the illness in ECF ‘atio both for 


males (p < 0.005) and for females (p < 0.05); the differences between males 
and females were not significant. 

Significant changes in susceptibility and mortality have been demonstrated 
in animals inoculated with poliomyelitis virus after administration of gonadal 
and adrenal hormones. In man, mortality is significantly higher in males. 
Our observations suggest a mechanism for these experimental and epidemiologic 
data. 


96. NEUROGENIC REGULATION OF THE CIRCULATING PLASMA 
VOLUME 


Smon Ropparp, M.D., Pu.D., Burra.o, N. Y. 


A reduetion of as much as 25 per cent of the circulating plasma volume 
(T-1824) and of the blood volume ocewrs in rabbits, dogs, and chicks subjected 
to hypothermia (Am. J. Physiol. 167: 485, 1951). For example, the plasma 
volume at normal body temperature (41° C.) in the chick is 44 + 5 ml./Kg. 
body weight, while after induction of hypothermia (25° C.), the volume falls 
to 33 +5 ml./Kg. These results suggest that hypothermia actuates a mechanism 
whereby some vascular beds become segregated from the circulating blood stream. 
The extracellular (thiocyanate) fluid volume is reduced proportionately, per- 
haps because the extravascular fluids of the tissues supplied by the segregated 
vascular beds do not participate in the dilution of thiocyanate. 

These mechanisms of loculation have been investigated in 137 experiments 
on ehicks subjected to hypothermia. The resulting data suggest that the auto- 
nomie nervous system plays a significant role in the volumetric regulation of 
the circulating plasma. Administration of dibenzyline to normothermic chicks 
prevents the hypothermie reduction in plasma volume. After hypothermic 
loculation of some of the plasma volume has occurred, dibenzyline produces a 
return of the circulating plasma volume to normothermic values. These data 
indicate that block of the sympathetic effectors results in the addition of a signifi- 
cant quantity of plasma to the circulating blood, with no comparable adjust- 
ment of the circulating red blood cell mass. Hydrazinophthalazine and tetra- 
ethylammonium have virtually no effect on these measured volumes at either 
normal body temperature or in hypothermia. Vagotomy is followed by an in- 
creased tendency to loculation; atropine has little or no effect. Acute withdrawal 
of blood is quickly followed by an almost exact restitution of the circulating 
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plasma volume, indicating an active regulation of the volume of this compart- 
ment. The circulating blood cell mass does not return to prehemorrhage levels. 
The neurogenic regulatory mechanisms elicited by these procedures may also be 
operative in other disturbances of the circulation. 


97. MYASTHENIA AND MALIGNANT MEDIASTINAL TUMORS 


Kk. Doucuas Rooker, M.D., Epwarp H. LAamBert, M.D., anp 
Corrtin H. Hopcson, M.D., Rocuesrer, Minn. 


(INTRODUCED By Bayarp T. Horton, M.D.) 


A group of patients characterized by an unusual type of weakness and a 
distinctive electromyographie response is described. Most of them either had 
malignant mediastinal lesions when first examined for weakness or showed 
evidence of such lesions during the next few months. In some patients, malig- 
nant mediastinal tumors have not yet been identified. Small cell bronchogenic 
carcinoma has been the most frequent histologic diagnosis. 

The elinieal and electromyographie findings in these patients resemble 
those found in typical myasthenia gravis but they also differ in several impor- 
tant respects. These differences from the usual case of myasthenia gravis would 
be of only casual interest except for the fact that the majority of the patients 
showing these abnormalities have had malignant mediastinal growths. Of par- 
ticular interest were 4 patients who had normal roentgenograms of the thorax 
when first seen with this syndrome but whose thoracic roentgenograms became 
abnormal under observation. 

The current series comprises 15 patients. Thirteen had eleetromyographie 
findings characteristic of this syndrome, whereas two patients did not have 
electromyograms but presented the clinical features of the syndrome. 

Histologic diagnosis of the thoracic malignant tumor has been made in 
7 patients; in 2 patients, a mediastinal mass is apparent roentgenographieally 
but histologic diagnosis has not yet been accomplished. In the remaining 6 
patients, no malignant lesions in the thorax or elsewhere have been identified. 

Another series of 27 patients with histologically identified malignant 
mediastinal tumors but without weakness has been examined electromyograph- 
ically. Abnormalities such as characterize the present group of patients have 
not been found in any of them. 


98. PROPHYLACTIC EFFECT OF IMMUNIZATION WITH 
ADENOVIRUS VACCINE 


Harry M. Rose, M.D., JosepH W. Coocu, M.D., ann ALiceE W. Knox, PH.D., 
Fort Dix, N. J. 


(IntRopUCED By F. M. Davenport, M.D.) 


During the winter of 1956-1957 the effeet of immunization with adenovirus 
vaccine on the incidence of acute nonbacterial infections of the respiratory 
tract was studied in companies of military recruits during their first 8 weeks of 
basie training. The vaccine was commercially prepared and contained formalin- 
inactivated adenovirus types 3, 4, and 7; its preparation included passage 
through a fine-porosity filter. Injection of 1.0 ml. subeutaneously was well 
tolerated and was followed within a week in approximately 50 per cent of the 
subjects by a significant and presumably anamnestic rise in complement-fixing 
antibodies to adenovirus antigen. Between December, 1956, and March, 1957, 
a total of 6,106 men were immunized and 7,134 in control companies received 
a dummy injection. Over-all rates of hospital admission for acute respiratory 
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disease among the control group were twice as large as those among the im- 
munized group, and the incidence of adenovirus infection, as shown serologically, 
was approximately 5 times as great. The results show that immunization with 
vaccine of the type used in this study is an effective means of preventing 
adenovirus infections in military reeruits. 


99. CHANGES IN [IRON METABOLISM IN EARLY CHLORAMPHENICOL 
TOXICITY 
D. Rusin, M.D. (By Invrration), R. E. Borri, M.D. (By Invitation), 
J. P. Sroraasur, M.D., ann A. S. WEISBERGER, M.D., CLEVELAND, OHIO 


Chloramphenicol has been established as a cause of hematopoietic depression. 
In the absence of ferrokinetie studies such observations have usually been 
limited to cases of leukopenia or aplastic anemia, the latter frequently being 
irreversible. Utilizing measurements of Fe®* plasma disappearance and incor- 
poration of Fe®* into erythrocytes, it has been possible to delineate an early 
toxie action of chloramphenicol primarily affecting erythrocyte production. 
Evidence of toxicity may occur in the presence of a normally cellular bone 
marrow and before any drop in hematocrit takes place. 

Studies were performed on 11 patients receiving chloramphenicol. Four 
patients were found to have abnormalities of Fe°® metabolism, consisting of a 
prolongation in the disappearance of Fe°® from the plasma and a delay in 
the subsequent appearance of Fe in erythrocytes. Studies performed 10 
days or more after discontinuing chloramphenicol demonstrated a reversal of 
these abnormalities. In 2 patients the hemoglobin and hematocrit determina- 
tions were normal at the time that Fe®® studies indicated decreased erythro- 
poietic activity. Both patients had a normally cellular marrow, but subse- 
quently exhibited a drop in the hematocrit, which returned to normal after 
withdrawing chloramphenicol. One patient had a hypocellular marrow and 
anemia at the time that changes in Fe*® metabolism were demonstrated but 
all findines returned to normal after discontinuing chloramphenicol. In the 
fourth patient a hypercellular marrow and anemia were present but other fac- 
tors besides chloramphenicol may be implicated. However, the hematocrit has 
risen following discontinuance of chloramphenicol. 

The 4 patients in whom chloramphenicol was considered to be a hemato- 
poietic depressant exhibited an elevated plasma iron and high saturation of 
the plasma iron-binding globulin (60 to 90 per cent saturation). These high 
values reverted toward normal when chloramphenicol was discontinued. Thus 
determinations of plasma iron and iron-binding globulin saturation may serve 
as a relatively simple procedure in the detection of early hematopoietic depres- 
sion due to chloramphenicol. 

Since prolonged depression by chloramphenicol may lead to an eventual 
irreversible marrow aplasia, early detection may be of considerable importance. 
The techniques employed in this study also may be applicable in sereening 
other drugs for adverse effects on the hematopoietic system. 


100. GENERAL HEMODYNAMIC RESPONSES OF MAN TO DRY HEAT 
EXPOSURE 
SALVATORE M. Sancerra, M.D., James D. KRAMER, M.D. (By Invitation), AND 


Euias Husnt, M.D. (By INviration), CLEVELAND, OHIO 


The general hemodynamie responses of 16 subjects to a rise in ambient 
temperature from 73° to 98° F., maintaining the humidity constant at 40 per 
cent, were studied in a constant temperature room. Eight patients had normal 
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or enlarged left ventricles with a normal wedge pressure, whereas 8 had en- 
larged left ventricles and elevation of the wedge pressure. Following the con- 
trol studies, the room temperature was elevated from, 73° to 98° F. within 22 
minutes, and experimental data were collected after 1 and 2 hours of steady 
heat exposure. Cardiac outputs were determined by the Fick principle. The 
data were analyzed statistically and a comparison was drawn between the 
group with normal and the one with elevated wedge pressures. 

There was no significant difference in response between the two groups 
except for the pCO., where a significant increase occurred in the patients with 
elevated wedge pressure. There was a progressive decrease in the pulmonary and 
brachial arterial pressures, total pulmonary and peripheral arterial resistances, 
and left ventricular work. Rectal temperature and finger blood flow increased. 
Minute ventilation, oxygen consumption, arteriovenous oxygen difference and 
eardiae index showed no significant change. The only evidence of clinical em- 
barrassment occurred in the patients with elevated wedge pressure; in the major- 
ity of these, Cheyne-Stokes respiration developed. 

The marked decreases in total peripheral and total pulmonary resistances, 
which ranged on the average from 34 to 39 per cent, occurred in the face of 
slight but insignificant increases in eardiae output. This would imply a pre- 
dominantly vasodilating effect by heat in the body as a whole, and a definite 
vasodilating effect on the pulmonary bed. Studies in progress are designed to 
assess the changes occurring in the specific vascular territories. 


101. STUDIES ON THE ABSORPTION OF ESCHERICHIA COLI 
ENDOTOXIN FROM THE GASTROINTESTINAL TRACT OF DOGS AS 
A FACTOR IN THE PATHOGENESIS OF IRREVERSIBLE 
HEMORRHAGIC SHOCK 


Jay P. Sanrorp, M.D., anp Howarp E. Noyes, Pxu.D., DALLAs, TEXAs, AND 


1 


WasHINGTON, D. C. 
(INTRODUCED By DoNALp W. SEvpDIN, M.D.) 


The persistence of hypotension following retransfusion after prolonged 
hemorrhage is observed both in man and in experimental animals. Indirect 
evidence has implicated the absorption of endotoxin derived from gram-negative 
bacteria within the gastrointestinal tract in the genesis ‘‘irreversibility’’ in dogs. 
This hypothesis was assessed directly by measuring the absorption of radio- 
active chromium (Cr*'Cl,) labeled Escherichia coli endotoxin, prepared accord- 
ing to the Boivin technique, from the gastrointestinal tract of dogs being sub- 
jected to ‘‘irreversible’’ hemorrhagic shock. The possibility of increases in the 
suseeptibility of shocked dogs to endotoxin of a magnitude sufficient to mask 
detection also was evaluated. 

The technique of labeling was shown not to inactivate the endotoxin and 
was sufficiently sensitive to detect the absorption of 1/1,000 or less of the LD; 
dose of endotoxin in 15 of 19 dogs studied. Absorption of Cr*!-labeled endo- 
toxin following administration by gavage or through enterostomies into various 
segments of the gastrointestinal tract was measured by blood and tissue analyses 
for radioactivity. 

Absorption was not observed following the administration of adequate 
quantities (2/3 LD;, dose) of Cr°'-labeled endotoxin either to 13 control dogs or 
to 19 dogs subjected to external hemorrhage of a degree (40 mm. He) and 
duration (5 hours) accepted as irreversible in at least 80 per cent of dogs. No 
increase in the susceptibility of 3 dogs to 1/1,000 LD;, of endotoxin administered 
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parenterally after ‘‘reversible’’ hemorrhage (40 mm. Hg for one hour) or of 
7 dogs to 1/100 to 1/10 LD,, of endotoxin administered parenterally during 
‘‘irreversible’’ hemorrhage was demonstrated. While an increase in suscepti- 
bility to endotoxin may have occurred in the shocked dogs, the magnitude was 
not of sufficient degree to mask detection of absorption. 

Thus, there is no direct evidence to support the hypothesis that increased 
absorption of endotoxin from within the gastrointestinal tract is an important 
factor in the genesis of ‘‘irreversibility’’ following prolonged shock. 


102. A HISTOPLASMIN-LATEX AGGLUTINATION TEST 
[. PRELIMINARY RESULTS WitH ANIMAL SERA 


SAMUEL Sasitaw, M.D., Pu.D., anp Haroup N. Caruis_e, Pa.D. (By Invirarion), 
COLUMBUS, OHIO 


The antibody response to infections with Histoplasma capsulatum has been 
studied most intensively with three types of tests: collodion agglutination, pre- 
cipitin, and complement fixation. Any of these tests ean be performed in a large 
well-equipped laboratory. However, the smaller hospital and clinical labora- 
tories which receive occasional requests for such studies find these procedures 
too burdensome either from performance or preparation of antigens. 

The purpose of this report is to describe a simple latex agglutination test 
employing commercially-available Histoplasmin and polystyrene latex particles. 
It can be performed by the average technician in a few hours. In principle the 
test is analogous to the collodion agglutination test in that the particles are 
‘‘eoated’’ with Histoplasmin and then used in a simple agglutination test. 

Preliminary studies with sera from infected and normal dogs and monkeys, 
and sera from immunized and normal rabbits were studied; excellent correlation 
with the collodion agglutination test was observed. Results with human sera 
were likewise similar in that the titers were elevated early in the disease and 
became negative in 2 to 3 months during convalescence. Thus, the test is of 
most value when the patient has acute disease and when that information is 
most needed. 


The simplicity of the test will be described by appropriate slides. 


103. THE EFFECT OF THERAPY ON BLOOD CHOLESTEROL 
CONCENTRATION IN TUBERCULOUS PATIENTS 


J. L. Scumipt, M.D., A. R. ALLEN, M.D., R. W. Harmon, B.S., 
D. L. Martin, B.S., Aanp H. D. Bronpyx, B.S., NortH Cuicaco, ILL., AND 
SELAH, WASH. 


(INrRopUCED By R. K. RicHarps, M.D.) 


One of us (A. R. Allen) has noted an apparent increase in the incidence 
of myocardial infaretion in tuberculous patients since the addition of isonicotinie 
acid hydrazide to the armamentarium. In normal male mice another of us (J. 
lL. Sehmidt) has noted that the usual effeet of administering of isonicotinie acid 
hydrazide is a small decrease in blood cholesterol concentration. 

in ambulatory tuberevlous male patients of various races and ranging from 
32 to 79 years of age a single admission blood serum cholesterol determination 
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was made before the start of streptomycin, para-aminosalicylic acid and _ iso- 
nicotinie acid hydrazide therapy. Serial blood serum cholesterol determinations 
were done at 2- to 4-week intervals for periods ranging from 4 months to a year. 
One other patient studied only two months showed essentially no change, an- 
other studied 13 months showed a decrease except for his last determination. 
Twelve patients started at various times and studied 4 months or more showed 
significant increases of blood cholesterol concentration. Peak values showed an 
increase of over 25 mg./100 ml. in 3 patients, over 50 mg./100 ml. in 7 patients 
and over 75 mg./100 ml. in 2 patients within 1 to 3 months. Six other male 
patients, started on the study shortly after therapy already had begun, all 
showed increases in blood cholesterol of more than 25 mg./cholesterol/100 ml. 

The results in a smaller group of women studied to this date have been 
less consistent. In men, there also appears in many instances a tendency for 
the blood cholesterol to decline after reaching a peak. In many instances fol- 
lowing operative procedures there has been a temporary sharp decline. In 
most instanees the patients have gained weight. 

The results of this study indicate that modern drug treatment of tuber- 
eculous men is followed by a relatively prompt and statistically significant in- 
crease in blood cholesterol concentration. Whether this is due to a generalized 
stimulation of a positive nutritional state, specific drug effects, or other reasons 
has not been determined. These results, however, do suggest that further in- 
vestigation of tuberculous patients may provide useful information regarding 
the relation of blood cholesterol coneentration, drug therapy, and the incidence 
of atherosclerosis or its complications. 


104. DEPRESSED RENAL FUNCTION IN THE CARCINOID SYNDROME: 


DEFECTS OF SEROTONIN IN NORMAL SUBJECTS AND 
OF AN ANTISEROTONIN (BROMO-LSD) 


RoLAND E. Scuneckuotu, M.D. (By Iyvyrratio~), Ikvine H. Pacer, M.D., AND 
A. C, Corcoran, M.D., CLEVELAND, OxI0 


Serotonin inhibits water diuresis in animals and, in large doses, depresses 
glomerular filtration rate and urine flow. This report describes changes in spe- 
cific renal functions in two volunteers during intravenous infusions of serotonin 
given alone or simultaneously with bromo-lysergie acid diethylamide (bromo- 
LSD), a potent serotonin antagonist in animals. Effects of bromo-LSD were 
also studied in two patients with the carcinoid syndrome and significant abnor- 
malities of renal function. 

Serotonin, 10 to 20 »e@/Kg./min., decreased Cpay in two normal subjects; 


maximum rate of water reabsorption (TS ,) was unchanged. In 2 of 3 tests, 


potassium output increased and sodium output decreased. Decreases in Cymannitoi 
were observed in two tests with corresponding decreases in urine flow. This 
sequence accords with that observed in animals given serotonin during osmotic 
diuresis. In two carcinoid patients, urinary outputs of 5-hydroxyindoleacetie 
acid averaged 25 mg. and 239 mg. daily. Corresponding rates of Cpayq and 
Cmannitor Were, respectively, 263 and 65, and 198 and 87 ml./min., indicating 
severe renal vasoconstriction; Tf, was at lower limits of normal. This 
renal ischemia was unassociated with hypertension, proteinuria, abnormal 
urinary sediment, or other abnormalities of renal function. 
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In both normal and earcinoid subjects bromo-LSD further depressed Cpan. 
Contrary to previous reports, it provoked striking psychic disturbanees, re- 
sembling that elicited by its congener, lysergie acid diethylamide; these aberra- 
tions may have contributed to the renal vasoconstriction. 

Impairment of specific renal functions has not been deseribed in the earei- 
noid syndrome but its occurrence is consistent with observations in animals that 
small doses of serotonin have variable effects on renal blood flow, while large 
amounts, such as may circulate in the carcinoid syndrome, cause severe renal 
vasoconstriction, and even cortical necrosis. 


105. A SECOND ENZYME ABNORMALITY IN PRIMAQUINE 
SENSITIVE ERYTHROCYTES 


STANLEY Scurier, M.D. (By Invitation), RoBert KELLERMEYER, M.D. (By 
INVITATION), PauL Carson, M.D. (By Invitation), AND ALF S. ALvrine, M.D., 
Curcaco. tix. 


Erythrocytes in approximately 10 per cent of adult male and 5 per cent 
of adult female Negro Americans are deficient in glucose-6-phosphate dehydro- 
genase. Acute hemolysis results when individuals with enzyme deficient eryth- 
rocytes are given primaquine, sulfanilamide, or related drugs. These eryth- 
rocytes also have a low total and reduced glutathione content which falls even 
more when drug is given. Following an acute hemolysis, the glucose-6-phosphate 
dehydrogenase of erythrocytes does not rise to normal, nor does their glutathione 
content, yet these cells are resistant to further primaquine induced hemolysis. 

Glutathione reductase is present in hemolyzates and keeps most of the 
olutathione reduced according to the irreversible stoichiometric reaction : 

GSSG 
*GSSG + *TPNH + Ht —————————- 2 *GSH + *TPN 


Reductase 





In dialyzed hemolyzates from normal and drug sensitive erythrocytes glu- 
tathione reductase activity can be assayed by measuring GSH produced in 14 
ml. reaction mixtures containing 6 ml. 0.5 M Tris buffer, 2 ml. 0.05 M Versene,* 
10 »M GSSG, 12.6 »M TPNii, and 1 ml. of hemolyzate. Variations.in time, 
temperature, pH, dialysis, and substrate concentration do not affect the results 
significantly. 

In contrast to their deficiency of glucose-6-phosphate dehydrogenase he- 
molyzates from primaquine sensitive erythrocytes have consistently higher glu- 
tathione reductase than do hemolyzates from nonsensitive erythrocytes. 

Gluecose-6-phosphate dehydrogenase catalyzes the initial step in the hexose- 
monophosphate shunt, an alternative pathway of carbohydrate metabolism, and 
also provides a souree of TPNH for glutathione reductase. 


G-6-P 
Glueose-6-phosphate + TPN* ————— — 6-phosphogluconate + TPNH + H* 
Dehydrogenase 


The increased glutathione reductase may partially compensate for the de- 
ficiency of glucose-6-phosphate dehydrogenase by regenerating the available 


*GSSG, oxidized glutathione; GSH, reduced glutathione; TPN, triphosphopyridine nucleo- 
tide; TPNH, reduced triphosphopyridine nucleotide; Versene, ethylenediaminetetraacetate. 
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TPN more rapidly and allowing the deficient enzyme to work at its maximum 
rate, thereby increasing the availability of GSH which has been implicated in 
the maintenance of erythrocyte integrity. 


i066. THE LEUKEMOGENIC EFFECT OF CELL-FREE LEUKEMIC 
BRAIN FILTRATES AFTER PASSAGE THROUGH 
RESISTANT STRAINS OF MICE 


STEvEN O. ScuwartzZ, M.D., Harotp M. ScHooumix, M.D. (By Iyvrration), 


WILMA SpurRRIER (By INvyrration), Pauu B. S2zanro, M.D. (By Inviration), 
AND LEROY YATES (By INvrr.’ CHicago, ILL. 

Ce'l-free filtrates of leukemic AKR. and swiss mouse and human braiis 
were prepared. These filtrates were seriai!\ assed through Swiss mice in th 
ease of the AKR mouse and human brains, aiid through C,Heb mice in the casi 
of the Swiss mice. Parallel experiments were rin using the intraperitoneal and 
intracerebral routes of injection. At the oud ot 7% hovrs the brains of the in 


jected animals were harvested, regardless of the route of injeetion, and new 
filtrates were prepared. The filtrate prepsred from the brains of the fifth 
passage animals was injected intracerebraliy back into groups of 20 mice of 
the appropriate strain (AKR when the original source was either human or 
AKR brain, Swiss when the original source was Swiss brain). One hundred 
and fifteen of 160 animals injected with filtrates whose original source was 
leukemic brain developed leukemia. 

Heat inactivated filtrates and filtrates prepared from nonleukemie mouse 
and human brain were used for controls and were similarly passed. None of 
the 160 animals injected with heat inactivated filtrates or filtrates whose sources 
were nonleukemiec brains developed leukemia. 

Two additional control experiments were carried out. In these, tumor cell 
suspensions of Swiss mouse leukemia were injected intraperitoneally into C,Heb 
mice at the start of the serial passage. At the same time, filtrates prepared from 
the brains of the same mice which served as the source of the tumor were passed 
through C,;Heb mice. After 5 passages, only 1 of the 40 Swiss mice injected 
with cell-free filtrate obtained from the tumor cell line developed leukemia, 
while 17 of the 40 animals injected with filtrates from the eell-free line de- 
veloped leukemia. The effect of 5 serial passages is to dilute the original ma- 
terial to approximately 10-'* if one assumes 100 per cent recovery of activity 
in each passage. When the original cell-free filtrate is diluted beyond 10°, no 
activity can be demonstrated. 


107. THE ELECTROCARDIOGRAPHIC DIAGNOSIS OF LEFT 
VENTRICULAR HYPERTROPHY IN THE PRESENCE OF 
LEFT BUNDLE BRANCH BLOCK 


Rautpew C. Scorr, M.D., CINCINNATI, OHIO 


The electrocardiographie diagnosis of left ventricular hypertrophy (LVH) 
in the presence of left bundle branch block (LBBB) has been considered difficult 
if not untenable. The purpose of this study was to compare the accuracy of 
the electrocardiographie diagnosis with the pathologie findings. 

The electrocardiograms in the Cardiae Laboratory at the Cincinnati Gen- 
eral Hospital were reviewed and all eases with the diagnosis of LBBB in which 
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an autopsy had been performed were collected. All eases with pathologic evi- 
dence of myocardial infarction were excluded. The conventional electrocardio- 
sraphie eriteria of high voltage for LVH were employed. Pathologie criteria 
for ecardiae hyperthrophy included a heart weight greater than the predicted 
normal for body length. Specific ventricular enlargement was based upon a left 
wall thickness of 13 mm. or greater and a right wall thickness of 5 mm. or 
oreater. 

Utilizing the above eriteria, 28 cases of LBBB were studied. At autopsy 
all eases had cardiae hypertrophy. Only 10 of the 28 cases showed electrocardio- 
eraphie evidence of LVH. At autopsy 3 of these had pure LVH and 7 had com- 
bined hypertrophy. Eight eases of pure LVH at autopsy showed no electro- 
eardiographie evidence of LVH. 

It would appear on the basis of this study that the precise electrocardio- 
eraphie diagnosis of LVH in the presence of LBBB is difficult and unreliable. 
The possible value of the use of the ventricular gradient as a means of distine- 
tion is considered. 


108. CEREBRAL AND PERIPHERAL CARBOHYDRATE UTILIZATION 
DURING AMELIORATION OF HYPOGLYCEMIC 
SYMPTOMS BY FRUCTOSE 


HoLBROOKE 8. SELTZER, M.D., Seymour EISENBERG, M.D. (By Invitation), 
AND C. WILLIS SENSENBACH, M.D. (By Inviration), DALLAs, TEXAS 


Although administration of 0.1 unit per Kg. of insulin intravenously pro- 
duced severe hypoglycemie symptoms in 6 subjects, an increased dose while re- 
ceiving an infusion of fructose evinced only minimal symptoms when blood 
glucose was comparably depressed (19 to 32 mg. per cent). These observations, 
plus Slein’s demonstration of fructose phosphorylation by brain hexokinase 
when glucose was absent, prompted a study of cerebral fructose utilization at 
low-glucose concentrations. 

Fructose was infused at 1 Gm./Kg./hr. into fasting patients with normal 
earbohydrate metabolism. Cerebral and peripheral arteriovenous differences 
of fructose and glucose were determined in 14 patients, and of pyruvate and 
lactate in 4 patients, before and during insulin-induced hypoglycemia. Cerebral 
blood flows were determined in 11 patients. 

Cerebral Metabolism.—Mean cerebral A-V difference for fruetose was 0 + 2 
(s.d.) mg. per cent before and after induction of hypoglycemia. Despite sharp 
depression of arterial glucose concentrations (control, 92 + 14 mg. per cent; dur- 
ing hypoglycemia, 25 + 8 mg. per cent), cerebral A-V glucose differences also 
changed insignificantly (control, 10 + 3 mg. per cent; hypoglycemia, 8 + 4 mg. 
per cent). Cerebral blood flow remained constant; therefore, normal cerebral 
utilization of glucose persisted throughout the hypoglycemic interval (control, 
6.3 + 1.7 mg./100 Gm./min.; hypoglycemia, 6.0 + 2.9 mg./100 Gm./min.). A-V 
differences of pyruvate and lactate were insignificant during both periods. 

Peripheral Metabolism.—A peripheral A-V uptake of fructose was found 
(14 + 5 mg. per cent); this did not change during hypoglycemia (11 + 7 mg. 
per cent). The glucose A-V difference also showed no remarkable variation 
(control, 6 + 5 mg. per cent; hypoglycemia, 8 + 5 mg. per cent). Pyruvate 
and lactate A-V changes during hypoglycemia were minimal. 

It is concluded that amelioration of hypoglycemic symptoms by fructose 
is not due to cerebral utilization of fructose, pyruvate, or lactate; nor to their 
increased peripheral extraction, with sparing of glucose for cerebral use. The 
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normal cerebral utilization rate for glueose (CMR,,) at low arterial conecentra- 
tions contrasts with Kety’s observation of greatly depressed CMR, during un- 
protected hypoglycemia. Thus, fructose probably does serve simply as a pre- 
cursor of hepatogenie glucose, thereby sustaining circulating glucose sufficiently 
to meet normal cerebral needs. 


109. STUDIES ON THE IMMUNOLOGIC AND PHYSIOLOGIC 
ACTIVITIES OF ANTIHEMOPHILIC FACTOR (AHF) 


JacosB N. SHANBERGE, M.D., anv IRA Gore, M.D., Boston, Mass. 
(INTRODUCED By TrBor J. GREENWALT, M.D.) 


Hemophilia has been classically defined as a hereditary, hemorrhagic dis- 
order characterized by a lack of an essential prethromboplastie factor in the 
plasma. This deficiency is determined by certain ‘‘activity’’ tests in which the 
defect is corrected by the addition of normal blood, plasma, or plasma fractions, 
which supposedly supply the missing factor. On the other hand, a few investi- 
gators have maintained that the abnormality is due, not to an absence of a 
factor, but to the presence of an inhibitor. 

Utilizing a relatively pure, functionally active, human antihemophilic fac- 
tor (AHF), prepared by a dextran sulfate precipitation method on Fraction | 
separated from platelet-poor, barium sulfate adsorbed plasma, a potent anti- 
AHF serum was produced in rabbits. The antiserum yielded positive precipitin 
reactions with dilutions of normal plasma to 1:10,000. This positive reaction 
disappeared completely if the antiserum was adsorbed first with the plasma of a 
severe hemophiliaec. The anti-AHF serum also interfered with the generation of 
thromboplastin in normal plasma as well as with the ability of normal plasma 
to correct hemophilie plasma in the thromboplastin generation test. Prior ab- 
sorption of the antiserum with hemophilic plasma, however, blocked its effeetive- 
ness in these actions. 

Hemophilie plasma, therefore, contains a factor which is antigenically simi- 
lar to that factor in normal plasma which corrects the functional defeet in 
hemophilie plasma. If AHF is present in hemophilic plasma, one might postu- 
late that it is not functional because: 


1. It is an altered or abnormal protein. This would explain the occasional 
production of antibodies to AHF in hemophiliaes who have received repeated 
injections of normal plasma or plasma fractions. 

2. It is a potentially active protein which requires an activator that is 
present in normal plasma. 

3. It is an active protein blocked by an inhibitor which is absent in normal 
plasma. 


110. FRACTIONATED PLASMA PROTEIN VALUES IN 
SUBACUTE THYROIDITIS 
PENN G. SKILLERN, M.D., AND Lena A. Lewis, Pxu.D., CLEVELAND, OHIO 
(INrRopucED By E. Perry McCutiacnu, M.D.) 


Stemmerman reported the occurrence of an inereased concentration of 
serum alpha-2 globulin in 4 of 4 patients with subacute (granulomatous) thy- 
roiditis. He suggested that this was an additional laboratory aid for the diag- 
nosis of this disease. 
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The purpose of this paper is to present the results of Tiselius electrophoretic 
plasma protein analyses using barbital buffer in a series of 20 patients with 
subacute thyroiditis. Only 14 of these 20 patients had a significant elevation of 
the alpha-2 globulin value. Other findings were a decrease in the albumin values 
in 10 patients, elevation of alpha-1 globulin values in 4 patients and beta globulin 
values in 2 patients, and elevation of the gamma globulin in 8 patients. 

The alpha-2 globulin concentration was less likely to be elevated in those 
patients with subacute thyroiditis whose clinical febrile course was much less 
acute or in those who had only one thyroid lobe involved. Thus, the value of 
this test as a diagnostic aid seemed to be limited to those patients with a more 
typical clinical febrile picture. Only 3 of 50 patients with struma lymphomatosa 
and none of 30 patients with nontoxie adenomatous goiter had elevated alpha-2 
olobulin values. Also, the presence of a number of other systemic diseases or 
inflammation which may produce an elevated alpha-2 globulin value must be 
excluded. While an elevated alpha-2 globulin may be a useful aid in differ- 
entiating subacute thyroiditis from other types of goiter, we believe elinical 
and other laboratory aids are probably of more value. 

The elevation of the alpha-2 globulin value may be due to destruction of 
thyroid tissue and release of tissue protein, as observed in other types of inflam- 
mation, rather than to release of thyroglobulin alone. Recent work suggests 
that the elevation of gamma globulin may be due at least in part to autoanti- 
bodies to thyroglobulin in subacute thyroiditis as well as in struma lympho- 
matosa. Elevation of gamma globulin was present in 40 of 50 patients with 
struma lymphomatosa and 3 of 30 patients with nontoxie adenomatous goiter. 


111. DIFFERENTIAL EXTRACTION OF NUCLEOPROTEIN 
FROM HUMAN LEUKOCYTES 


CHARLES C. Spacur, M.D., RicHarp T. GREEN, B.S. (By INviITATION), AND 
ANA E. Carrera, M.D. (By Inviration), New ORLEANS, La. 


Laves and Thoma have reported that with the incubation of methanol fixed 
peripheral blood or bone marrow films in urine diaiyzed against tap water, the 
nuclear chromatin of the neutrophilic granulocytes is lysed whereas the chroma- 
tin of all other leukocytes remains unaltered. They attribute this to a ‘‘ribo- 
nuclease complex’’ in urine and as a result state that the cells of the myelocytic 
series contain nuclear nucleotides which are predominantly of a ribose nature 
whereas lymphatic and monocytic cells contain desoxyribonucleotide almost ex- 
clusively. 

The authors have confirmed that fresh, undialyzed urine or urine dialyzed 
against tap water ‘‘lyses’’ the nucleoprotein of the neutrophilic leukocytes 
without affecting that of the lymphoeytes or monocytes. However, pure erys- 
talline ribonuclease failed to produce these changes, nor did urine dialyzed 
against distilled water. Moreover, using yeast nucleic acid as a substrate, no 
significant ribonuclease activity could be demonstrated in urine. The action 
of urine was closely simulated by incubating the slides in 0.07 M NaCl and 0.05 
M phosphate buffer solutions. The reaction was not potentiated by the addition 
of pure erystalline ribonuclease. 

The use of salt solutions of varying concentration for the extraction of 
nucleoprotein is a standard procedure, and it is our impression that the dissolu- 
tion of the nucleus of the granulocyte when incubated in urine is due largely 
to the fact that urine is basically a salt solution. The possibility of enzyme 
activity has not been exeluded, however, and it is possible that proteolytic en- 
zymes present in urine, particularly proteases, may play a role. The differential 
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effect observed could be explained on the basis of a difference in binding be- 
tween the nucleic acid and the basie protein of granulocytes as compared to 
the mononuclear cells. 

We have employed this method as a diagnostic aid in differentiating the 
immature cells in acute leukemia, and apparently the specificity of the reaction 
persists in cells as young as the blast forms. Additional data will be required 
to be certain of this point, but if confirmed this simple technique would pro- 
vide a valuable laboratory procedure. 


112. EPIDEMIOLOGIC STUDIES ON CORONARY DISEASE IN THE 
CHICAGO AND ILLINOIS POPULATION—RELATIONSHIP OF SEX, 
RACE, NATIONALITY, OCCUPATION, INCOME, AND URBAN 
VERSUS RURAL RESIDENCE TO MORTALITY RATES 


J. StaMuerR, M.D., M. Kseusperc, M.S. (By Invitation), AND 
Y. Haut, B.E. (By Inviration), Cuicaco, ILL. 


This study entailed utilization of the epidemiologic method to investigate 
— of the etiology of coronary heart disease. Mortality data for the 
vars 1951 and 1953 were analyzed for the middle-aged (25 to 34, 35 to 44, 45 to 
4. 55 to 64) Chicago and Illinois populations stratified by sex, race, nationality, 
occupation, income, and urban versus rural residence. Arteriosclerotic heart 
disease (A.S.H.D.) death rates were several fold higher in white men than white 
women. Negro women rates were consistently higher than those for white 
women. Hence the sex differential was smaller for Negroes than for whites. 
Stratification of men (white and Negro) based on occupation and income yielded 
no gross differentials in age-specific A.S.H.D. death rates. Residents of Chieago 
had uniformly higher age- sex- and race-specifie A.S.H.D. death rates than 
inhabitants of Illinois municipalities and rural areas. The Chicago foreign- 
born as a whole exhibited lower A.S.H.D. death rates than the native born. 
The foreign-born of Italian origin had the lowest rates, the Irish the highest. 
The Chicago foreign-born groups had uniformly higher rates than those re- 
corded for like age-sex groups in their native countries. These epidemiologic 
findings bear upon basie problems currently under discussion concerning the 
role of diet, physical activity, socioeconomic position, endocrinology, heredity, 
and race in the etiology of coronary heart disease. 


113. LONG CHAIN GROWTH OF GROUP A STREPTOCOCCI IN THE 
PRESENCE OF SERA OF PATIENTS INFECTED WITH 
HOMOLOGOUS TYPE ORGANISMS: A TEST FOR 
TYPE-SPECIFIC IMMUNITY 


GENE H. STroLLeERMAN, M.D., ALAN C. Srecet, M.D. (By Invrration), AND 
EvotisE E. JoHNson, M.D. (By Inviration), Cuicaco, IL. 


Type-specifie antibody to M protein appears to play a major role in im- 
munity to group A streptococcal infection. Methods for its detection have been 
difficult and have hampered its extensive epidemiologic and clinical study. Re- 
cently certain strains of group A streptococci were shown to form very long 
chains when grown in liquid media to which rabbit antisera of homologous type 
were added. The reaction was shown to be specific for antibody to M protein 
and was simple to demonstrate. 
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A preliminary study was undertaken to determine the possible application 
of this phenomenon as a sereening test for human type specifie antibody. Of 
28 patients who had recovered from untreated, uncomplicated type 12 streptococ- 
cal pharyngitis, the sera of 14 were shown to contain antibody against type 12 
M protein by a refinement of the conventional bactericidal test. In addition, 
the sera of 8 patients with glomerulonephritis, which were shown to contain type 
12 antibody by the bactericidal test, were selected for study. All 22 of these 
positive sera caused long chain growth of a selected strain of type 12 streptocoeci. 
Sera which failed to show a positive bactericidal test for type 12 antibody did not 
produce long chain growth. 

The type specificity of the reactions was tested with strains of type 30 and 
type 19. These strains were shown to form long chains only in the presence 
of antibody to their respective homologous types of M protein. None of the 
human sera that contained type 12 antibody produced long chain growth of 
the type 19 or type 30 strains. 

The results suggest that the long chain reaction may have practical value 
for the demonstration of human type-specific immunity to group A streptococci. 


114. RESULTS OF NEEDLE BIOPSY OF THE HUMAN 
VENTRICULAR MYOCARDIUM 


Don C. Surron, M.D., Georce C. Surron, M.D., JosHua LYNNFIELD, M.D. 
(By INVITATION), AND GEOFFREY KENT, M.D. (By Inviratrion), Cuicaaco, IL. 


Needle biopsy of the human ventricular myocardium offers the opportunity 
to study morphologic and histochemical changes. 

Multiple needle biopsies of the right or left ventricle have been done in 17 
individuals. Also, biopsies have been done immediately post mortem, at post 
mortem, and on dog hearts. 

Long thin-walled flexible needles modified from the Terry model with in- 
side diameters of from 0.4 to 1 mm. have been used. Pereutaneous biopsies 
have been obtained by inserting the needle in the ecosto-xiphoid angle, ‘‘ Larry’s 
point,’’ and the apex. Biopsies have also been done during pericardotomy, 
thoracotomy, or cardiac surgery. 

It is, of course, obvious that many lesions of the myocardium are focal and 
that obtaining a satisfactory biopsy would be entirely fortuitous. However, 
diffuse lesions as those due to inflammation and nutritional disturbances are 
suitable for investigation. No serious complications have been encountered. 
The following observations will be reported: (1) Normal dog ventricular 
myocardium. (2) Normal human ventricular myocardium. (3) Inflamma- 
tory reaction, subpericardial in eases of tubereular pericarditis. (4) Inflam- 
matory reaction, nonspecific, in the ventricular myocardium of a patient with 
sareoidosis without eclinieal evidence of eardiae involvement. (5) The ven- 
tricular muscle in eases of rheumatic heart disease—biopsies were obtained 
at the time of eardiae surgery. (6) A ease of diffuse fibrosis of the myocardium 
in which the biopsy was used to differentiate constrictive pericarditis, amyloid 
disease, and fibrosis. (7) A biopsy in a ease of subendocardial fibroelastosis. 

The procedure can be employed during thoracostomy or pereutaneously. 
The tissue obtained is satisfactory for microscopic study. 
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115. INDICATOR-DILUTION CURVES RECORDED SIMULTANEOUSLY 
FROM THE VENOUS AND SYSTEMIC CIRCULATIONS 


H. J. C. Swan, M.B., Po.D., M.R.C.P. (Lonp.), Irwin J. Fox, M.D. (By 
INVITATION), ANpRé Davip, M.D. (By INvrrarion), AND 
EARL H. Woop, M.D., Pu.D., Rocuestrer, Minn. 


Recent development of an indicator (tricarboeyanine dye II) with a peak 
spectral absorption in the region of 800 mp makes possible the continuous re- 
cording in man of satisfactory dilution curves from the right side of the heart 
and venous circulation by photometric means. Cardiae catheters (100 em., nos. 
6 and 7 F.) have been used to permit simultaneous recording of dilution curves 
from various sites in the right side of the heart and from the radial artery 
following injection into different locations in the venous system proximal and 
distal to the sampling site, into locations in the left heart and into the aorta 
in 20 patients. 

The following are among other applications such recordings permit. (1) 
Detection and localization of left-to-right shunts, even of very small magnitude, 
by demonstration of early appearing dye at or distal to the shunt following in- 
jection of indicator into a distal pulmonary artery or into the left atrium. (2) 
Detection and localization of regurgitation of the mitral or tricuspid valves by 
recognition of early appearing dye in the chamber proximal to the abnormal 
valve following injection distal to the valve. The competence of right heart 
valves in the presence of valvular regurgitation in the left side of the heart may 
be demonstrated by the recording of a curve of normal contour from the pul- 
monary artery associated with an abnormal curve recorded from the systemic 
system. (3) Direet measurement of pulmonary blood flow, including eases 
with left-to-right shunts, by the Stewart-Hamilton principle on injection of in- 
dicator into the right atrium or its tributaries and sampling from the pulmonary 
artery. (4) Direct demonstration of preferential shunting of the blood from 
the right lung in comparison to the left in the usual case of atrial septal defect. 
(5) Determination of shortest and mean transit times for the coronary, upper 
body, lower body, and other segmental circulations. Such methods, besides 
being of considerable practical value in diagnostic cardiae catheterization, have 
wide application in current cardiovascular research. 


116. QUANTITATIVE PROTAMINE TITRATION TEST (HEPARIN) OF 
BLOOD IN ATHEROSCLEROSIS 


WituiAm A. Tuomas, M.D., ANp JoHN H. Otwtn, M.D. (By Invitation), 
CuIcaco, ILL. 


In human beings there is no constant and dependable relationship between 
diet and blood cholesterol, or between hyperlipemia and atherosclerosis. This 
study, begun in 1953, was based on the clearing action of heparin, the known 
relation of prolonged hyperlipemia to atherosclerosis, and the development of 
protamine titration as a measure of heparin and heparinoid activity. The 
anticoagulant effect of heparin was not involved. Demonstration of lipoprotein 
lipase, an enzyme that regulates lipid transport quantitatively and qualitatively 
and is inert until activated by heparin, modified the thinking but not the pro- 
cedure. 
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One hundred eases of known coronary or cerebral thromboses that were 
normotensive, nonarteriosclerotic, and nondiabetic, and atherosclerotics from 
peripheral vascular surgery were studied. With normal figures of 0.12 to 0.18 
results showed in milligrams: 


0.04 ae 
0.06 to 0.10 51 
0.12 to 0.18 26 


Forty-four hypertensive and arteriosclerotic and congestive failure cases 
showed : 
0.10 or below 9 24.5 per cent 
0.12-0.18 35 75.5 per cent 


Among controls, 10 per cent or less fall below 0.10. 

Mast cells are the source of heparin, and their abundance in the uterus aids 
in explaining female immunity to atheroselerosis until postmenopausal atrophy. 
Constantinides counting mast cells per eubie centimeter of myocardium reports: 


Female young 3 

Male young 23! 
Senile nonatheroseleroties yA fe 
Senile atheroseleroties 198 


1 
_— 


0 
9 
3° 


We Se 


Thus, atherosclerosis may result from: (1) deficiency of heparin; (2) heparinoid 
state incapable of activating lipase; (3) lipase deficiency; (4) lipase inert to 
heparin activation; or (5) abnormal lipoprotein in noneynamie state resistant 
to lipase modification. 


There is presumably a metabolie fault in one or more of the above mecha- 
nisms in a small proportion of the population, who, when exposed to the current 
American diet, have an excess of low-density beta lipoproteins with resulting 
atherosclerosis. If the protamine titration test is a relatively accurate measure 
of heparin, three-fourths of this series of atherosclerosis showed deficiency. 
Normal values should be of aid in freeing much of the population from un- 
warranted dietary restrictions. 


117. LACK OF SPECIFICITY OF GROWTH HORMONE ASSAY 
METHODS FOR DETECTION OF SOMATOTROPHIN IN BLOOD 


DrEvINA C. TWEED, PH.D., CLEVELAND, OHIO 
(INTRODUCED BY A. CARLTON ERNSTENE, M.D.) 


Methods for assay of growth hormone continue to be sought. Among those 
employed are (1) inerease in width of tibial epiphyseal cartilage and (2) uptake 
of sulfur®® into chondroitin sulfurie acid of cartilage mucopolysaeccharide. 

The present study was undertaken to determine which method is prefer- 
able for assay of purified growth hormone and whether either or both could 
be used for detection of growth hormone in blood. 

Hypophysectomized rats received a total dose of 3 ml. of whole blood plasma 
or varying doses of growth hormone over a 4-day period. Sulfur*® was admin- 
istered the afternoon of the fourth day. Autopsy was performed the following 
morning and both assays were carried out on tibial epiphyseal cartilages ob- 
tained from the same rat. The tibia test was done as recommended by Green- 
span and associates (Endocrinology 45: 455, 1949). Sulfur*® was precipitated 
as the barium sulfate. 
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Results of these experiments indicate that both methods adequately measure 
the effects of purified growth hormone. Sulfur uptake appeared to be more 
sensitive in lower dose ranges (5 to 10 gamma) than increase in size of the 
eartilage. At higher levels of hormone concentration (50 to 125 gamma) some 
departure from linearity in sulfur uptake was seen. 

Forty blood plasmas from patients with various endocrine disorders were 
assayed by these methods. The results of these tests indicate the following con- 
clusions: 


1. Plasma of patients with the same clinical syndrome does not always 
yield similar values when tested by these methods. 

2. Plasma of hypophysectomized patients can increase sulfur uptake and 
epiphyseal cartilage width. 

3. Plasma of active acromegalics does not always stimulate sulfur uptake 
nor increase cartilage width. 

4. In 6 eases, sulfur uptake was increased but the tibia test was nega- 
tive. 

5. In 5 eases, there was no elevation in sulfur uptake but the width of 
the cartilage was significantly increased. 

6. Repeat tests on the same patient did not always corroborate the original 
results. 

7. In 22 eases, good correlation between the methods was obtained. 


These results suggest that growth factors other than growth hormone in 
blood interfere with the specificity of both methods for somatotrophin assay and 
that sulfur uptake and general growth of epiphyseal cartilage may respond 
to different factors and/or to the same factors in blood to varying degrees. 


118. A FIVE-YEAR STUDY OF THE ANTIBIOTIC SENSITIVITIES 
AND CROSS RESISTANCES OF PATHOGENIC STAPHYLOCOCCI 
IN A GENERAL HOSPITAL 


BurTON ARMIN WaAISBREN, M.S., M.D., AND CARL STRELITZER, PH.B. 
(By Inviration), MiLwauKEE, WIs. 


Strains of coagulase positive Staphylococci isolated between 1952 and 1956 
from 500 patients at the Milwaukee County General Hospital were studied by 
the tube dilution method of determining bacterial sensitivity to antibioties. 
Each strain was tested against at least 10 antibiotics. The usage of antibioties 
within the hospital between 1953 and 1956 was determined by examination of 
the daily drug requisitions from each ward of the hospital. The following in- 
formation was obtained and will be presented: 

1. The relative activity of the antibiotics against Staphylococci (the order 
is as follows: neomycin, nitrofurantoin, vancomycin, chloramphenicol, novobio- 
ein, erythromycin, chlortetracycline, tetraeycline, oxytetracycline, streptomycin, 
oleandomyein, bacitracin, and penicillin). 

2. The antibiotics most active against strains of Staphylococci were resist- 
ant to each of the other antibiotics. 

3. Statistically significant changes that occurred in antibiotic sensitivity 
each year and correlations between these changes and usages of antibiotics 
within the hospital, 
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4. Statistical analysis of the differences in antibiotic sensitivities of groups 
of Staphylococci isolated from different wards, from blood and wounds, from 
house staff and patients, from other hospitals, and at different times of the year. 
Emphasis will be on portions of these data that we have found particularly ap- 
plicable to the treatment and prevention of Staphylococci infections. A pro- 
gram that we feel has been effective in meeting the Staphylococcus problem in 
our hospital will be presented. 

All in all we feel that these data show that Staphylococci as a species have 
been little influenced bythe use of antibiotics. There apparently are certain 
exceptions to this generalization and possible reasons for these will be discussed. 
Finally, the theoretical implications of our findings will be discussed and it will 
be pointed out that they are in harmony with modern theories of population 
oeneties. 


119. EXPERIMENTAL STUDIES WITH 5-FLUOROURACIL 
IN NORMAL AND LEUKEMIC RATS 


Harry A. WaIsMAN, M.D., Po.D., Mapison, WIs. 


The importance of uracil in the formation of nucleic acid substances has 
been well documented by Heidelberger and associates. The use of this substance 
in rats provides an opportunity to study its effect on both rat growth and on 
several strains of rat leukemia. The dosage of 5-fluorouracil (FU) was de- 
termined in both suckling and weanling rats. The administration of 10 mg. of 
fluorouracil and 25 mg. of fluorouracil to 8-day-old and 21-day-old rats gave 
conclusive results that the younger rats were unable to tolerate the same dosage 
that older rats received intraperitoneally. Hairlessness developed in suckling 
or nursling rats following the administration of 10 to 25 mg. of fluorouracil per 
kilogram body weight per day for 6 days. Death usually resulted at the higher 
levels. If the levels were border line and allowed the rat to recover from the 
toxie influence of the compound, then hair growth returned and the rat was 
able to survive. Evidenee of toxicity in the older rats was manifested by re- 
duetion of the white count and by early death. The optimum level of 5 FU to 
21-day-old rats is between 20 and 25 mg. per kilogram body weight for 7 
days. Adminstration of this level to leukemic rats of the 302 and J strains pro- 
vided some evidence that the substance could interfere with the ‘‘take’’ of 
leukemia. Experiments with human beings and elinieal trials of the substance 
are now in progress. 


120. CHOLESTROL PERICARDITIS 
Report or Two New Cases Wire A Review or THE MEDICAL LITERATURE 


RICHARD J. WALLYN, M.D. (By INvitTaTION), AND GrEorGe C. TURNBULL, M.D.., 
CHICAGO, ILL. 


Cholesterol pericarditis was first described by J. S. Alexander in 1919. 
Eleven cases have been reported in the world literature; and we wish to add two 
more patients who are typieal of the syndrome. 

The etiology is uncertain, one-third being idiopathic, one-third associated 
with hypothyroidism, and one-third being possibly of diverse etiology. The age 
of the patients tends to be 50 years or over (69 per cent) and the sex distribution 
is equal, 
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The characteristic clinical story is one of gradually progressive cardiac 
impairment due to tamponade which is usually interpreted clinically as a more 
ordinary form of chronie congestive heart failure. The patient insidiously de- 
velops dyspnea on exertion, orthopnea, and ankle edema. 

On physical examination, the patients showed marked adynamic ecardi- 
omegaly with little or no evidence of typical tamponade. The cardiomegaly 
however is out of proportion to the symptoms. The electrocardiogram shows 
low voltage and flat T-waves. 

There is partial response to medical treatment with digitalis and diuretics. 
Pericardiocentesis makes the differentiation from the usual forms of heart disease 
by producing a large volume of yellow, opalescent, ‘‘gold paint’’ exudate (spe- 
cific gravity 1.025; protein 4.5 to 8.5 Gm. per cent). Microscopic examination 
of the fluid reveals innumerable cholesterol crystals plus variable numbers of 
leukocytes, mostly lymphoeytes. Bacteriologic and mycologie studies are nega- 
tive. Biopsy reveals a nonspecific, chronic pericarditis. 

In the idiopathic cases, thyroxine, antitubereular and cortisone therapy 
have been used to no avail. Drainage of the fluid apparently causes a remission 
of the symptoms in some eases. 

The over-all prognosis is good, with only one reported fatality from the 
disease itself. However recovery usually is not complete, and the heart shadow 
on x-ray examination remains enlarged. 

The following mechanism is postulated: (1) there was an original peri- 
‘ardial insult that resulted in (2) pericardial granulation tissue and effusion. 
Thereafter the young connective tissue absorbed and synthesized cholesterol until 
it was deposited in and on the pericardium and (3) eventually was released into 
the pericardial cavity as grystals to continue chronically the inflammation and 
effusion. 


121. THE PARADOX OF THE ANTIDESOXYRIBONUCLEASE 
RESPONSE IN PATIENTS WITH STREPTOCOCCAL 
INFECTIONS AND ACUTE RHEUMATIC FEVER 


Lewis W. WANNAMAKER, M.D., MINNEAPOLIS, MINN. 


Previous investigations have indicated two paradoxes in the immunologie 
response to streptococeal infections. Neutralizing antibody for hyaluronidase has 
been observed in the majority of patients following streptococcal infection al- 
though only a small number of strains of group A streptococci (types 4 and 22) 
produce appreciable amounts of this enzyme in vitro. A paradox of the re- 
verse sort has been described with streptococcal desoxyribonuclease (strepto- 
dornase). Despite the large amounts of desoxyribonuclease produced by vir- 
tually all strains of group A streptococci, few patients with streptococcal in- 
fection appear to develop antibody for this enzyme and low titers have gen- 
erally been noted in patients with acute rheumatie fever. 

The present report presents evidence bearing on the latter paradox. Elee- 
trophoretie studies of the extracellular products of group A streptococci have 
revealed the occurrence of three distinet streptococeal desoxyribonucleases. The 
three enzymes attack the same substrate but migrate differently on starch block 
electrophoresis and ean be distinguished by neutralization with specific rabbit 
antisera. Variations in the optimal pH of activity and in inhibition by citrate 
have also been found. The three streptococcal desoxyribonucleases are des- 
ignated Dnase A, B, and C. 
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The demonstration of three serologically distinet desoxyribonucleases of 
group A streptococci appears to explain the paradoxical findings previously 
noted. Studies of sera from 38 patients with acute rheumatie fever and otf 
paired acute and convalescent sera from 48 patients with streptococeal infee- 
tions indieate that the antibody response for each of the enzymes is independent 
of the other two. Since Dnases A and C are elaborated by relatively few strains 
of group A streptococci, an immunologic response to these two enzymes is infre- 
quently observed. On the other hand, a rise in antibody to Dnase B ean be 
demonstrated in approximately 80 per cent of patients following streptococcal 
infection and elevated titers are present in almost all patients with acute 
rheumatie fever. This antibody test (anti-Dnase B) is useful in conjunction 
with the antistreptolysin O test as an indication of the probability of recent 
streptococeal infection and has advantages over other commonly used secondary 
tests (antihvaluronidase and antistreptokinase). 


122. TUMOR INHIBITING EFFECTS DERIVED FROM AN ACTIVE 
PRINCIPLE OF GARLIC (ALLIUM SATIVUM) 


AustTIN S. WEISBERGER, M.D., AND Jack PENSky, PH.D. (By INviraTtion), 
(CLEVELAND, OHIO 


Extraets of garlie (allium sativum) contain a powerful bactericidal agent. 
This compound, allyl allylthiosulfinate (allicin), is formed in erushed garlic 
bulbs by the action of an enzyme (alliinase) on a substrate, s-allyl L-cysteine 
sulfoxide. Allicin has been shown to react with eysteine and to inhibit several 
sulfhydryl enzymes without affecting many other enzymes. Although most 
studies on allicin have been concerned with its bacteriostatic properties, its 
reactivity with sulfrydryl groups suggests that it may have inhibitory effects 
on leukemie and neoplastie eclls. Accordingly, the effeet of such compounds 
(R-SO-S-R) on the growth of sarcoma 180 ascites tumors in mice was studied. 
Since the naturally oeeurring allyl allylthiosulfinate is unstable, the more stable 
ethyl analogue was used. The enzyme alliinase was prepared from garlic bulbs 
and was allowed to react with s-ethyl L-cysteine sulfoxide to form ethyl ethy]- 
thiosulfinate (ethios). 

Gain in weight and length of survival were taken as an index of the amount 
of ascites formed and the degree of malignancy induced. Preincubation of tumor 
cells with saline prior to injection was uniformly followed by rapid weight gain 
and death within 16 days in control mice. Similar results were obtained when 
tumor cells were preineubated with either enzyme or substrate. However, 
when tumor cells were preincubated with a solution in which the enzyme and 
substrate had been allowed to react, no growth of ascites tumor occurred and 
there was no mortality in animals observed for 6 months. Similar results were 
obtained with synthetically prepared ethios. Intravenous injection of ethios 
into mice previously inoculated with tumor cells delayed the onset of maligant 
ascites and in some instances completely prevented ascites formation and death. 

The effeets of ethios on incorporation of S* L-cysteine by leukemie leuko- 
eytes in vitro was also studied. Following incubation with increasing amounts 
of ethios, there was a progressive decrease in S*® uptake. With 2.5 um of 
ethios per milliliter blood the uptake of S** was reduced to 10 per cent of control 
values. 

These effects by an agent which inactivates sulfhydryl groups are further 
suggestive that sulfhydryl metabolism may have an important role in leukemia 
and neoplasia. 
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123. STUDIES ON THE ACID-BASE BALANCE OF HYPERTENSIVE 
PATIENTS 


JoHN M. WELLER, M.D., ANN Arpor, MicH. 


The acid-base balance and plasma electrolytes of 12 normotensive subjects 
and 17 patients with essential hypertension have been studied. None of the 
hypertensive subjects was receiving antihypertensive drugs. After 30 minutes 
recumbeney arterialized, heparinized, venous blood was withdrawn from the 
heated arm and the plasma separated anaerobically. Two blood pressure read- 
ing were taken before and following venesection. The mean of these systolic 
and diastolic pressures was used for classifying the subjects into two groups; 
the normotensive group contained individuals with mean blood pressures below, 
and the hypertensive group those above 120 mm. Hg. The group mean of the 
mean blood pressures of the normotensive subjects was 99 mm. He and that of 
the hypertensive patients 160 mm. Hg. 

A study of the plasma electrolytes of these patients disclosed a slightly 
greater sodium concentration (146 mEq./L.) in the hypertensive than in the 
normotensive group (143 mEq./L.). This difference in plasma sodium con- 
centration which previously has been reported by others was accentuated when 
the plasma sodium was expressed as concentration per liter of plasma water. 

The mean plasma pH of the hypertensive group was slightly lower (7.30) 
than that of the normal subjeets (7.33); plasma earbon dioxide contents were 
similar in both groups; the ecaleulated plasma buffer base concentration was 
slightly lower in the hypertensive than in the normotensive group (45.6 as com- 
pared with 47.0 mEq./L., respectively), and the pCO, was higher in hypertensive 
than in normotensive patients (51.9 as compared with 48.2 mm. He). These 
findings tend to confirm the reported association of respiratory acidosis with 
essential hypertension. Further studies are now in progress to determine the 
effect on this respiratory acidosis of lowering the blood pressure of hyperten- 
sive patients by treatment with antihypertensive drugs. 


124. ADRENOCORTICAL FUNCTION IN GOUTY ARTHRITICS 


G. M. Wiuson, Jr., M.D. (By INviration), RicHMoND W. Smiru, Jr., M.D., 
JOHN W. Siauer, M.D. (By Inviratrion), ANp Dwicut C. Ensian, M.D., 
Derroir, Micu. 


The uricosurie and antigout effects of adrenocorticosteroids are generally 
accepted. Earlier studies of gouty arthritics have failed by indirect methods 
to demonstrate abnormal adrenocortical function. As a more specifie measure 
of this function, the diurnal and corticotropin-induced changes in plasma levels 
of free 17-hydroxyeorticosteroids (Porter-Bush Method) have been followed. 
Observations were made in 12 patients during the subacute and resolving steps 
of arthritis attacks. 

The mean levels at 8 a.m., 12 noon, and 4 p.m. were 25.6, 18.1, and 16.9 pg 
per cent, respectively. The mean values in the control group (11 healthy 
adults) were 20.9, 17.0, and 15.3 pg per cent, respectively. Analysis of these 
data for control values and degrees of diurnal fall demonstrates no significant 
differenee. After 10 units of subcutaneous ecorticotropin-gel the mean level in 
8 gouty subjects rose in 4 hours from 16.7 to 33.0 ng per cent. In the 11 con- 
trols the mean level increased from 19.3 to 26.5 ne per cent. Although the 
increment of change in the gouty patients appears considerably greater than 
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in the normal, the difference between the initial and final 4-hour values was not 
significant. Plasma levels of free 17-hydroxycorticosteroids were often elevated 
during the active arthritis in gouty subjects. 

These observations support previous evidence of normal adrenocortical fune- 
tion in gouty arthrities. 


125. PRIMARY RETENTION OF WATER IN HEPATIC COMA 


Puiuie C. Younc, M.D. (By Invitation), Harvey C. KNOWLEs, JR., M.D., AND 
LEoN Scuirr, M.D., CrncINNATI, OHIO 


It has been shown by acute water loading that water intolerance occurs in 
liver disease. The present study deals with w: er and sodium balance in the 
course of hepatie coma. 

Observations were made on 10 patients with hepatic coma in whom water 
and Na balance were estimated for periods of 4 to 13 days. The patients were 
divided in 3 groups. In the first group of 3 there was no nitrogen retention 
and all recovered. Two were not edematous and remained in water and Na 
balanee; while the third was edematous and lost approximately 2 L. of water 
over and above that associated with Na diuresis during cortisone therapy. Three 
patients comprising the second group were edematous and had nitrogen reten- 
tion but had normal kidneys at necropsy. Urinary volume was normal. Posi- 
tive water balance occurred ranging from 4 to 8 L. but was unassociated with 
Na retention. In the third group of 4 patients, nitrogen retention occurred and 
renal tubulorhexie lesions were found at necropsy. There was progressive 
oliguria in 3. In the fourth patient, despite normal urinary volume, there 
was an accumulation of 4 L. of water in excess of that accounted for by Na 
retention. Hyponatremia was found in all, but its degree was unassociated with 
water retention. 

The findings indicate that a primary retention of water may occur in the 
course of hepatic coma. This water retention was associated with renal failure 
in some instances while there was no impairment of renal function in others. 
The mechanism of water retention in the latter is unexplained. 


126. LIPID MOBILIZER HORMONE IN HYPERCHOLESTEROLEMIC 
STATES AND IN SURGICAL STRESS 


Curis J. D. ZARAFONETIS, M.D., JoSepH SerrrerR, M.D. (By INviTatiIon), 
Davip Bareper, PH.D. (By INvITATION), AND JoHN Kauas, M.D. (By 
INVITATION ), PHILADELPHIA, PaA., AND RADNOR, PA. 


Lipid mobilizer (LM) is a naturally occurring hormone which has been 
isolated from the plasma of several animal species, including man, and from 
hog posterior pituitary. Intravenous administration of LM into fasting patients 
elicits a marked increase in plasma cholesterol, fatty acids, and lipid phosphorus. 
Furthermore, the concentration of LM in plasma has been shown in animals 
to be inereased by conditions of stress, including starvation, and by the admin- 
istration of cortisone. 

These and other observations suggested that certain hypercholesterolemic 
states in man may, in fact, reflect excess LM activity. It was also postulated 
that the stress of an operative procedure might cause an acute LM release, fol- 
lowed by a rise in plasma lipids. The present report is concerned with studies 
undertaken to test these hypotheses. 
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Fasting blood specimens were obtained from appropriate patients for LM 
assay: The plasma was dialyzed through viscose No-jax casing in a volume of 
sterile deionized water 4 times greater than that of the plasma. After 24 hours 
of dialysis, the dialysate was freeze-dried for 18 hours. The test material was 
injected intravenously at doses of 1, 5, and 10 mg./Kg. into fasted sensitized rats. 
The rats were sacrificed two hours later and blood samples obtained from the 
heart were analyzed for changes in lipids. By this method, it was found that 
the hypercholesterolemie patients tested showed much greater concentrations of 
LM in their plasmas than is found in subjects with normal plasma cholesterol 
values. This was true for several members of a family with hypercholesterolemic 
xanthomatosis and in individual patients with hypercholesterolemia. Similar 
results were obtained in preliminary tests on patients with hypercholesterolemia 
of pregnancy, and of nephrosis. 


Studies were also performed on plasmas obtained from patients before and 
4 hours after operation. In a majority of instances there was an increase in LM 
concentration and an accompanying rise in plasma lipids in the postoperation 
specimens. 


Thus, increased concentration of plasma LM was induced by surgical stress 
as well as found to be associated with both primary and secondary hypercholes- 
terolemic states, thereby lending support to the above indicated hypotheses. 
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minimal dilution 

The “gape-incision”’ 

of the BsD LANCET makes “milking” 
of the finger tip unnecessary — 
just a gentle pressure. 


result—a minimal dilution of the 
blood by tissue fluids—a truer 
specimen of the patient’s blood 


controlled penetration 

Side flanges of the B-D LANCET 
automatically control depth 

of penetration. The angle 

and length of the point ensure 
that incision is in the region 

of densest capillary supply 


result — easier penetration — 
fewer tactile corpuscles 
traumatized —minimal pain. 


«stainless steel —very thin, yet rigid 

¢ sterile — ready for immediate use 

¢ hermetically sealed in preformed foil 

¢ translucent top for positive point location 

¢ conveniently packaged in 100’s and 250’s 


Becton, DICKINSON AND COMPANY, RUTHERFORD, N, 3 
8-D, T.M. REG. U.S. PAT. OFF. 49387 
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Kmnickearrbockar 


UP UNTIL 1952 one of the greatest 
problems in hospital blood bank labora- 
tories was how to identify abnormal anti- 
bodies — easily. Although new techniques 
were revealing the presence of more 
and more antibodies in incompatible cross- 
matches, transfusion reactions and hemo- 
lytic disease, in most cases, the antibodies 
could not be identified for lack of a test 
panel. 

Then Knickerbocker introduced their 
revolutionary professional panel of Group 
O cells. It fairly rocked blood grouping 
centers across the country. Antibodies that 
previously had to be sent out to specialists 
for diagnosis were now identified at home 
and at once. This technological marvel 
was called PANOCELL® (from panel of 
O cells), and a good name, too. 

We think of PANOCELL as a tool for 
the precise identification of unknown an- 
tibodies in serum. In contrast to Anti-A 
and Anti-B agglutinins which are used to 
identify the unknown red cells, PANO- 
CELL provides the red cells used to iden- 
tify the unknown antibodies. It is a panel 
of eight especially selected Group O cells, 
each of which represents a different Rh- 
Hr combination. In addition, each cell is 
definitively typed for 23 different blood 
group antigens including such systems as 
Duffy, Kell, Lewis, Kidd, MNS, P, etc., 
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which are charted on an accompanying 
masterlist. 

But that wasn’t all. In order to ship the 
red cell suspensions through the mails, 
Knickerbocker had to solve the problem 
of hemolysis. And this great pioneering 
organization met the challenge by for- 
mulating a new and original preservative 
solution’), the now famous “Knicker- 
bocker cocktail.” So successful is this rec- 
ipe that PANOCELL has become a world 
traveller and safely flies over the length 
and breadth of the United States, across 
the Atlantic Ocean to England, across the 
Pacific Ocean to Hawaii, and across and 
around the world to far-off Johannesburg, 
South Africa. Never before did red cell 
suspensions fly so far and arrive so well, 
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But how, a layman might well ask, does 
PANOCELL help the hospital laboratory? 
The answer is that the laboratory tech- 
nologist, using PANOCELL and the same 
routine techniques that detected the anti- 
body abnormality, may now precisely and 
easily identify it. The result is an exact 
clinical diagnosis in place of an unknown. 
And the diagnosis may be confirmed by 
having the reactions checked by Knicker- 
bocker themselves, who do this work at 
no fee. 

What a wonderful tool PANOCELL 
really is. In one instance a completely new 
antibody, called anti-V‘), was discovered 
by using PANOCELL. Since that time 
12 different examples of anti-V have been 
found by the panel subscribers. There 


Se a eg RE cg NI IN eC ge ng Nes ag OO GAN AE I INTL | AF OEE CIT 
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are now 83 blood centers in every sec- 
tion of the United States who regularly 
do their own independent blood studies 
because of PANOCELL. Day after day, 
year in and year out, this elite group picks 
up antibodies and identifies them, explain- 
ing hemolytic disease and preventing in- 


“compatible transfusions. What a 


wonderful impetus PANOCELL and 
Knickerbocker have given to the art and 
to the profession. 

Knickerbocker has bound into a folder 
a small collection of descriptive literature 
and reprints about PANOCELL which 
interested readers of this report would 
probably like to read. There is also a long 
list of famous typing serums, blood group 
specific substances that are separate, and 
new laboratory controls like PROTROL, 
the world’s most successful human pro- 
thrombin control.-So will you write to 
Knickerbocker, 300 West 43rd Street, 
New York City, and ask them to send you 
the “PANOCELL Folder.” And also please 
accept this standing invitation to make use 
of the consultation services provided at 
no fee to the profession by Knickerbocker. 
Remember Knickerbocker makes its prod- 
ucts and services available directly to you 
to assure freshness and good service. 


. J. A. M.A. 158:971 (July) 1955 
J. A. M. A. 159:247 (Sept.) 1955 


Kmickerubockarn 


THIS REPORT IS THE FOURTH OF ASERIES. 
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possible biftayfstones? 


differential Aambnol While your patient waits... 


} Phosphatahs: 


: (alkaline) 
with Teswells 


For alkaline phosphatase screening 
when you suspect: 

= common duct stones 

biliary stasis 

» stricture of the common bile duct 
« fibrosis of the sphincter of Oddi 


Diagnosis of impaired biliary drainage 

can now be verified in less than 30 minutes, 
through a new procedure so simple it can 
be performed on serum or plasma without 
special equipment and by untrained 
personnel — PHOSPHATABS for alkaline 
phosphatase screening. 














Serum alkaline phosphatase is 
excreted through the bile. High alkaline 
phosphatase levels are evidence of 


PHOSPHATABS impaired biliary drainage.! 


(alkaline) with Teswells 
an original development of 
Warner-Chilcott research 
® for office and laboratory screening 
of alkaline phosphatase levels 
s in diagnosis of hepatobiliary 
dysfunction 
s in diagnosis of bone disease 
Available from leading laboratory 
supply distributors as a kit 
containing enough 
PHOSPHATABS (reagent tablets), 
color developer and Teswells 
(controlled-diameter test tubes) 
for 48 determinations, 
$15.00 (31¢ per test). 


* TRADEMARK 


Traditional methods of determining 
phosphatase levels are too complicated to 
make their office use practical. Now 
alkaline phosphatase determinations can be 
made semiquantitatively in the office — 
easily, accurately. 


THE USE OF PHOSPHATABS CAN BE 
TAUGHT IN 10 MINUTES. RESULTS CAN 
BE READ IN AS LITTLE AS 12 MINUTES, 
WITHOUT SPECIAL INSTRUMENTS. 


To use: 1. Place one tablet (PHOSPHATABS) 

in the special test tube. 2. Add 4 drops of serum 
or plasma. 3. Crush tablet with wooden 
applicator stick. 4. Let stand 12-30 minutes, 
depending on room temperature (determine 
time from table in PHOSPHATABS package 
insert). 5. Add one drop of PHOSPHATABS 
color developer. 6. Compare color 

with color chart. 


1. Gibbons, T. C.: J.A.M.A. 164:22 (May 4) 1957. 
For more information, write to 
WARNER-CHILCOTT 


MORRIS PLAINS, N. J. 
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(prepared medium) ® 


E-MED 


THE DISPOSABLE CULTURE PLATE IN A STERILE BAG 





with your choice of media 


for routine bacteriology for routine mycology 

Blood Agar MacConkey Agar Sabouraud Dextrose Agar 

Chocolate Agar Desoxycholate Citrate Agar Mycosel Agar 

E.M.B. Agar Littman Oxgall Agar 

(other media on request) 

Get technicians out of the kitchen and back to the lab- is sealed in a sterile polyethylene bag to preserve mois- 
oratory. Switch to PRE-MED — the efficient way to obtain ture and prevent air contamination. (Bag may be 
plates. PRE-MED plates are optically clear, scratch-free resealed for prolonged incubation.) 


Petri dishes containing ready-to-streak culture media. Now, even perishable specimens become routine to 
Because they are mass-produced with modern, controlled handle. Simply open a bag, streak the plate and incu- 
methods, you get perfect, sterile, standard preparations bate. After reading, destroy. Salvage lost technician- 
every time. For maximum shelf life, each PRE-MED unit hours. Join the switch to PRE-MED. 





it's ready to use—just streak it 


HYLAND LABORATORIES 4501 Colorado Bivd., Los Angeles 39, Calif. 
December, 1957 
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NEW! DIP-AND-READ TEST FOR KETONURIA 


SIMPLIFIED, 1-MINUTE TEST FOR KETONURIA KE f OS I IX 


TRADEMARK 


Reagent Strips 





simple merely dip test end of strip—or 
otherwise moisten with urine 


swift a sharp color change reveals ketone 
6 bodies in seconds 


standardized a graded color chart permits 


= xg easy matching of color reaction for 
5 2 reliable estimation 





* 2 sensitive greater relative sensitivity to 
acetoacetic acid—the more reactive 


@ ketone 


supplied: Bottles of 90 KETost1x Reagent Strips 
— No. 2391 


/\) AMES COMPANY, INC «+ ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 


43557 
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"NEW CATALOG OF 
SANBORN RECORDING, 
MONITORING & RELATED 
EQUIPMENT 
»»- to help you select 


the right recording equipment 





for biophysical research... 





___ For the medical researcher or teacher concerned 
with measurement, recording and study of physio- 
logical phenomena such as pressures, temperatures, 
ECQ’s, sphygmograms, pneumograms, etc., valu- 
able data is available in a new catalog describing 
the major Sanborn biophysical research instru- 
ments. Information about recording systems, 
monitoring oscilloscopes and transducers is pre- 
sented from the standpoint of the user’s requirements, 
rather than simply as product descriptions. By 
frequent use of typical examples — involving the 
number and nature of phenomena to be studied, 
the transducers or other associated equipment to 
be used, future needs vs. present requirements, etc. 
—the Sanborn catalog can greatly simplify equip- 
ment selection and insure maximum usefulness 
per dollar invested. 


| 
The new catalog provides complete data on: 2-, | 
4-, 6- and 8-channel “150M” Recording Systems 
and the five primary plug-in Preamplifiers used | 
with them; four different single-channel recording | 
systems, as well as the 2-channel Twin-Viso (direct 
writing) and Twin-Beam (photographic) systems; | 
the Viso-Scope oscilloscope, its companion “OR” | 
model for operating room use, and the related 
Vector Amplifier and Electronic Switch; the Ampli- | 
fying Stethoscope, Heart Sound Tape Recorder/ 
Player, and two series of physiological Pressure | 
Transducers. Prices of all instruments are also in- | 
cluded, as well as a useful equipment selection 
questionnaire form. | 
| 
| 





ee | 
oe <7 | For your copy of this new Sanborn Catalog, 


a address Inquiry Director, Medical Division. 


/Awwivensany\ SANBORN COMPANY 


Recording System, ‘ 1917-195 
175 Wyman Street, Waltham 54, Massachusetts 





Oscilloscope ond Tape Recorder/ Player... 
three of 17 instruments in Catalog 
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For Hospitals 
and 


Laboratories 
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LUXO LAMPS 


Acclaimed the world over as the best light under which to work! 
The Luxo Lamp is a precision instrument, instantly responsive to the lighting 
requirements of the laboratory or hospital. 
When mounted in place, the fixture tilts, traverses, raises, lowers. The shade can 
even be adjusted to invert! By the light of its one 40 or 60 watt bulb, you will 
see better and work best! 


A ONE-TIME, LIFETIME INVESTMENT 
in Perfect Lighting! 


Cat. No. M-73225 Luxo Lamp—Chromeplated. Lamp has 2 extension arms 
that will extend to 45 inches, with either “A, B or C”’ bracket supplied. 






Please specify. Each $28.95 
Cat. No. M-73226 Luxo Lamp—Chromeplated. Same as above but 
with “E” bracket finished in grey. Each $31.70 
Cat. No. M-73227 Uuxo Lamp—Chromeplated. Same as above but 
with “D” bracket finished in grey. Each $28.95 

Cat. No. M-73228 Luxo Lamp with floor stand. Same as above 

but with ‘“‘T”’ tilt-proof stand. Each $51.70 


Cat. No. M-73229 Luxo Lamp—Chromeplated. Lamp has 3 
extension arms that will extend to 60 inches. Supplied with 
either “A, B or C” bracket. Please specify. Each $33.95 


eeeeeeeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


LUXO LAMP BRACKETS 
Luxo Lamp attachment facilities are built to LUXO standards. 
From the six selections pictured and described below, the type 
most-suitable-to-the-need can be readily determined. Attach- 
ments are furnished in lamp-matching colors. ‘‘Floor Stand T’’ 
is available in Grey, also Ivory. 





= B—Supports 
A—Clamps Luxo Luxo Lamp 
Lamp fixture to fixture verti- 
edge of table, desk cally. Screws 
or horizontal sur- to wall or par- 
face. tition. 
Ceeeeeeeerieta 
; ' C—Screws to work D—Fitted with 
bench, table’ or adjusting knob, 
any horizontal sur- screws to draft- 
face. Deep throat ing table or 
insures stability. slanted facility. 
E—Portable T—Stand, 
circular base heavy base sets 
for desk serv- on ball-bearing 
ice or for use casters. Cen- 
on any _hori- ter shaft is 
zontal elevated height adjust- 
surface. able, moves 


easily. 





renee 


‘3 STANDARD ya lataclate LABORATORY 


APPARATUS 


Ss 808 BROADWAY REAGENTS 
) + NEW YORK 3, N.Y Te ase 
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FOR PROTEIN BOUND IODINE DETERMINATIONS 
























The PBI determination is the ONLY TEST 
which directly measures thyroid function 
by measuring the ability to produce circu- 
lating thyroxine. 

Combining specially designed equip- 
i ment, purified reagents and a simplified 
method, the Hycel System gives repro- 
ducible results to +0.1 mcg%. 

Equipment includes reagents for over 
200 determinations and special equipment 
to perform up to ten tests daily. Also in- 

cluded are Manuals describing method and 
\ interpretation. 
The Hycel System is the result of exten- 
sive research and testing by 
Hormone Chemistry Labo- 
ratory. They offer corrobo- 
fative assays as a service 
to users. 


— 





No. 53845—Hycel PBI System........$340.00 


A multiple set is available containing sufficient rea- 
gents for over 600 tests, and additional equipment 
for performing 20 or more tests daily. Our catalog 
No. 53846, it sells for $1050.00. 


= Consult your SP representative for further details. 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 


© 
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American Optical 
microscopes 

B.B.L. culture media 

Barnstead stilis 

Bausch & Lomb 
microscopes 

Beck Lee E.K.G. 
equipment 

Beckman 
instruments 

Becton-Dickinson 
equipment 

Berkeley radioisotope 
equipment 

Browne-Morse 
sectional cabinetry 

Christian Becker 
balances 

Clay Adams medical 
equipment 

Coleman 
spectrophotometers 

Coors porcelain 

Corning glass 

Dade serums 

DiSPo items—dis- 
posable specialties 

Hartman-Leddon 
chemicals 

Hycel clinical testing 
equipment 

International 
centrifuges 

Jewett refrigerators 

Kimble glassware 

Labline laboratory 
equipment 

Lindberg hotplates & 
furnaces 

Lipshaw tissue 
equipment : 

Mallinckrodt reagent 
chemicals 

Matheson Coleman & 
Bell organic chem- 
icals 

Monaghan respiratory 
equipment 

Ohaus scaies 

Precision scientific 
equipment 

Schieffelin 
pharmaceuticals 

SP laboratory 
specialties 

Spinco electrophoresis 
apparatus 

Sylvana serological 
reagents 

Torsion balances 

Virtis virus & tissue 
equipment 

Warner-Chilcott 
pharmaceuticals 


No matter what 
your laboratory 
needs—be sure to 
consult your SP 
representative 

first! / 


Yt 


New York + Chicago + Kansas City + Minneapolis - Atlantic + Washington + Dallas + Los Angeles + Son Francisco 


Ainsworth balances = 
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fills all your laboratory chemical needs at B& A 


Simplify your buying and bookkeeping. 
Order all your laboratory chemical re- 
quirements from B&A’s complete line— 
readily available from our coast-to- 
coast chain of warehouses, and 35 lead- 
ing laboratory supply houses. Here’s 
convenient, dependable “‘one-stop shop- 
ping.” Plus the advantages of dealing 
with the country’s foremost producer of 
laboratory and scientific chemicals. 


Inorganic and Organic Reagents 

The most complete, most preferred line 
in the country. B&A offers over 1,000 
high-purity reagents to meet your every 
need. Outstanding for packaging, too! 
“C.P.” Acids 

Widest possible selection from Amer- 
ica’s pioneer producer. More than 50 
Acids are available in all preferred 
grades and strengths to fill every labo 
ratory requirement. 


BAKER & ADAMSON® 


Laboratory Chemicals 
GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


Radio-Chemicals 

B&A’s extensive line includes organic 
and inorganic radioisotopes, including 
Carbon-14 labeled compounds and 
deuterated compounds. 


Rare Earths 
B&A regularly offers over 30 rare earth 
oxides and salts in experimental and 
commercial quantities. Others available 
on request. 


Organic Chemicals 

The complete line of Eastman Organic 
Chemicals as listed by Eastman Kodak 
Company is always available from 


Biological Stains & Indicators 

B&A also provides the full line of 
“National Quality” Stains and Indi- 
cators of Allied Chemical’s National 
Aniline Division. 





we ry. 4 ¢ Atlanta ¢ Baltimore* * Birmingham* ¢ Boston* ¢ Bridgeport* * Buffalo* * Charlotte* 
ev 


Chicago* * Cleveland* * Denver* 
Milwaukee* ¢« Minnea 
San Francisco* ¢ Seattle 

In Canada: The Nichols Ch 


* Detroit* 
lis « New York* 





¢ Houston* ¢ Jacksonville * Kalamazoo * Los Angeles* 
¢ Philadelphia* 
¢ Kennewick* and Yakima (Wash.) 

Ic y, Limited * Montreal* * Toronto* * Vancouver* 


¢ Pittsburgh* ¢ Providence* ¢ St. Louis* 


*Complete stocks carried here 
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Facts you should know about 


KIMAX® and KG-33 “hard glass” 


KIMAX—for durability... KIMAX, 
Kimble’s new laboratory glassware made 
of tough, hard KG-33 borosilicate glass, 
offers highest standards of thermal and 
mechanical shock resistance . . . has great 
resistance against chemical attack. 





KI MAX— interworkable with existing 
‘hard glass”’ stock... Kimax glassware is 
completely interworkable with your pres- 
ent “hard glass” apparatus because it has 
the same coefficient of expansion. There- 
fore, it will not obsolete your present stock. 








Physical Properties of KG-33 “hard glass” 













































Strain Point 515°C 

Annealing Point 2 
KIMAX : g : 555°C 
easy to repair Softening Point 820°C 
and modify Linear Coefficient of Expansion (from 0 to 300°C), per 1°C| 32x1077 

’ Density 2.23 

Refractive Index—Sodium (0 tine) 1.47 

Visible Light Tr » 2mm thick 92% 
Specific Heat (in g. cals. per g. deg.) os .. ™ 

Thermal Conductivity (in cals. per cm. cube per 1°C) .0028 














your speciol r 
“quirements, For full information about Kimble’s new KIMAX 
borosilicate glassware line, write Kimble Glass Com- 
pany, subsidiary of Owens-Illinois, Dept. JM-12, 


eee | Sa ; Ss i555) Toledo 1, Ohio. 





OweEns-ILLINoISs 


GENERAL OFFICES + TOLEDO 1, OHIO 


KIMBLE LABORATORY GLASSWARE 
AN @ PRODUCT 
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CRAIG and FAUST’S 


CLINICAL PARASITOLOGY 


By ERNEST CARROLL FAUST, A.B., M.A., Px.D. 


The William Vincent Professor of Tropical Diseases and Hygiene, Department of Tropical 
Medicine and Public Health, Tulane University School of Medicine, New Orleans, La., 
Consultant, U.S. Public Health Service; Member, Expert Panel on Parasitic ases, 
World Health Organization 


and PAUL FARR RUSSELL, M.D., M.P.H. 


Staff Member, The Rockefeller Foundation; Consultant to the Surgeon General, U.S. Army; 
Member, Malaria Panel and Formerly Chairman, Expert Committee on Malaria, 
World Health Organization 


With the Editorial Assistance of 
DAVID RICHARD LINCICOME, B.S., M.S., Px.D. 


Howard University, Washington, D.C., Editor of the Journal, Experimental Parasitology 


HANGING populations, especially migration from endemic areas, and greatly 
C increased world travel, have contributed much toward the rising awareness 

of parasites and tropical diseases in the United States. Northern and eastern 
areas are not exempt from this potential infiltration. Encouragement lies in the 
significant modern concept which has been introduced in this edition. 


This is a sound, widely recognized text and reference book on protozodlogy, 
helminthology and arthropods as agents and vectors of disease-producing organ- 
isms. Etiology, pathology, symptomatology, diagnosis, treatment, prevention and 
control are detailed by two eminent authorities in this field. A special Technical 
Appendix gives the technics and aids which are available for diagnosis and control. 


Features of the 6th Edition 


Thoroughly revised throughout. DDT, Dieldrin, BHC and other modern 
Many chapters rewritten to include up-to-date insecticides discussed fully. 
information on and newer concepts in Special topics include information essential 
epidemiology, diagnosis, treatment and for clinical and public health workers in 
control. cool as well as warm climates. 


New illustrations and tabular matter intro- Subj ee : . 
duced to establish a comprehensive under- ubjects not appearing in other works in this 


standing of the multiple problems involved field include pneumocytis in the — 
in this important area of knowledge. born, visceral larva migrans in small chil- 


Adie cadiudh os geveuniiin. dren, and alveolar hyatid as a distinct 


etiologic entity. 
Current knowledge presented on such subjects : ’ 
as amebiasis, malaria, leishmaniasis, toxo- Comprehensive references to literature con- 
plasmosis, filariasis, schistosomiasis, arthro- clude each chapter. 
pod-transmitted diseases, etc. Exhaustive subject and author indexes. 


6th Edition. 1078 Pages. _—346 Illustrations and 7 Plates in Color. 
23 Tables $15.00 


(Published August, 1957) 
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Enlarged 2 2 times 


Rub an Accu-red pipette— 
you'll feel why it lasts longer 


Accu-red graduations are something new and 
unique in pipettes. 

The graduations are right in the glass. As you 
rub you'll notice a smooth surface. A smooth 
pipette can take more punishment. 

Accu-red graduations are as permanent as 
the glass itself. Prove it to yourself by briskly 
rubbing them with emery cloth. The surface of 
the glass will scratch but the graduations are 
unimpaired. 

Cleanable? Use any common acid or cleaner, 
rinse and sterilize. Made of glass No. 7740, these 
PYREX pipettes will take many trips through 
the washer. 


Accurate, too. For example, capacity tolerance 
of the 1 and 2 ml Accu-red pipettes is +0.02 ml. 





December, 1957 


Cost 15% less. Even with their wearproof 
graduations and accuracy, these pipettes cost 
you 15% less than previous designs of com- 
parable accuracy. 

Easy to read. Split sight lines level with major 
graduations to reduce parallax in readings. 
Won't contaminate. Glass No. 7740 doesn’t 


in any way alter antigens, or biological or 
serological solutions. 

You can get Accu-red pipettes from your 
laboratory supply dealer in these sizes: Sero- 
logical and Mohr types in 1, 2, 5, and 10 ml 
and a 25 ml Mohr type. 


m™ CORNING GLASS WORKS 
dl 81-12 Crystal Street, Corning, N.Y. 


are 
. .. the tested tool of modern research 


Page 17 














new concept! 
COLORIMETRIC 
test for proteinuria 


ALBUSTIA 


TRADEMARK 


REAGENT STRIPS 




















just wt... 


entirely new concept 

ALBUSTIX Reagent Strips employ a new and different chemical principle 
that indicates the presence of proteinuria by a color change rather than 
by a precipitate in a solution. 


colorimetric readings 

wide-range, graduated color scale eliminates guesswork—no color change 
with a negative urine 

sensitive 

reacts immediately with clinically significant albuminuria 


convenient, timesaving 
firm, easy-to-handle strip with reactive tip...no waiting...no equipment... 
no heating...completely disposable 


available: ALBUSTIX Reagent Strips—Bottles of 120. 


...and read immediately 


ALBUTEST employs the same chemical 
. ALBUTEST® principle as ALBUSTiIX—colorimetric tesi 
, for proteinuria. A color guide provides 
BRAND points of reference for interpreting results. 
Reagent Tablets Bottles of 100 and 500 reagent tablets. 


A Routine strip with Tetrabromphernol Blue, a citrate buffer and protein absorbing agent. 


AMES COMPANY, INC « ELKHART, inoiana (aN Ames Company of Canada, Ltd., Toronto 


39057 
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Nuclear-Chicago instruments shown being 
used include two new DS5-2 Collimated Scin- 
tillation Counters, new SA1-AS stand, two 
new 1620A-S Ratemeters, and two Recti- 
linear Recorders, 





with radioactive diodrast® 


The evaluating of blood supply and 
excretory function of the kidneys individ- 
ually with radioiodine labelled diodrast, 
introduced only a few months ago, is 
already in wide use. For this procedure, 
Nuclear-Chicago has immediately avail- 
able a newly-designed complete counting 
system. Radioactivity curves for each 
kidney are recorded separately. 


This versatile equipment requires no 
modification—it is ready for immediate 
use. Suitable, too, for liver function study 
with radioiodine labelled diodrast, meas- 
urement of cardiac output with radioiodine 


. Lab. Clin. Med. 48: 886-901 (1956). 








® 





labelled human serum albumin, evaluation 
of thyroid function with radioiodine... 
and many other procedures requiring ex- 
ternal counting. 


For years Nuclear-Chicago has been a 
leader in the development of quality radio- 
activity instrumentation for the medical 
profession providing in the highest degree, 
the efficiency, accuracy and reliability so 
essential in this exacting field. Competent 
and prompt service is always available. 
Write for full details or ask to have our 
representative call. 


ns 1. C. C. Winter: J. Urol. 76: 182-196 (1956). 2. G. V. Taplin, O. M. Meredith, Jr., H. Kade and C. C. Winter: 
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 muclear- chicago 
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249 WEST ERIE STREET * CHICAGO 10. ILLINOIS 












A NEW CONCEPT IN MICROSCOPE PERFORMANCE 


LABOLUX 

§ 47/92-15 
Taveliiat=xe| 
eliatelavilels 

nallel gestae) of-¥ 
Vabiom oleliboial 
aalcrelatelallere) 
stage #47, 
Abbe 
felare(-ali-1 
quadruple 
nosepiece with 
folelalgelsatehis 
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E. LEITZ, INC., DEPT. L-12 
468 Fourth Ave., New York 16, N.Y. 


Please send me the Leitz LABOLUX brochure 
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The Leitz LABOLUX medical and laboratory microscope is a scientifically engi- 
neered instrument of modern design, built for a lifetime of use. The LABOLUX 
is a new concept in fatigue-free operation and precision performance. It com- 
bines the coarse and fine focusing adjustments in a single control; with all 
controls, including the actuating knob for the mechanical stage, in a low con- 
venient position. High power lenses have spring-loaded mounts preventing 
damage to lenses or slides. 


The LABOLUX can be faced away from the observer, for increased accessibility 
to all controls and to the object stage. Interchangeable body tubes permit 
binocular or monocular observation as well as photomicrography, with simul- 
taneous observation and photography made possible through a unique trinoc- 
ular attachment. A wide variety of accessories makes the Leitz LABOLUX the 
ideal instrument for hospital or office laboratory, 
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FIRST IN PRECISION OPTICS 
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Zone State 





Page 20 


Si. 


©. LEIiTzZ, incC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Distributors of the woritdad 
Ernst Leitz Gm.b H.. Wetziar 
LEICA CAMERAS - LENSES - 


-famous products of 
Germany—Ernst Leitz Canada ttd 
MICROSCOPES - BINOCULARS 


Jour. of Lab. & Clin. Med. 














disposable 


monoject. 














“100” 





THE 
ALUMINUM HUB 
NEEDLE 


always CLEAN — always SHARP 
DISPOSABLE to ELIMINATE the 
danger of CROSS-INFECTION. 


The efficiency and economy of monoject 100’ has been tested and 
proven by America’s leading hospitals. Costs less than 4¢ a needle. 


MANUFACTURED IN U.S.A. BY 


>-ROEHR PRODUCTS CO., Ine. 


WATERBURY, CONN. ¢ DELAND, FLA. 
World’s Largest Manufacturer of Hypodermic Needles 


Villé ROEHR PRODUCTS CO., Inc., DeLand, Fla. Wt futile inpotmalion err 
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and weights, too! 







“On my recent sales calls I have 
noticed that more and more people are 
becoming conscious of the 
importance of having good weights 
to use with good balances. 


“When you buy an 
Ainsworth balance you are 
buying quality and 
accuracy. But, even with 
a good balance it is tough 
to weigh accurately with 
poor weights. Ainsworth 
highly polished non-magnetic 
Brunton metal weights 

have a smooth surface for 
resistance to contamination te 
and corrosion. The hard rhodium —_— fj 
plating on their bronze weights 

maintains accuracy longer. You can depend 

on Ainsworth weights being within 

tolerance and staying that way 

longer...and, with Class S Weights by Ainsworth 

a fellow doesn’t have to worry about corrections 

in most analytical and semi-micro work. 


“These are just a couple of the ‘little things that 
count’ in accurate weighing.” 


bf 
W mi. AING WOIR TH & SONS, INC. 


2151 LAWRENCE STREET - DENVER 5, COLORADO 
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Paragon Stains Paramount Quality 


tuted and proven stains of the very highest guality 


PAPANICOLAOU STAINS—PARAGON 


EA-36 EA-65 OG-6 
Harris Hematoxylin (modified) 


Papanicolaou Stains prepared according to the original formulae for the 
cytological diagnosis of cancer by means of the smear technic. 





These stains conform to Paragon’s rigid standard of excellence in every 
way at a modest cost that renders preparation by the laboratory technician 
unnecessary. 


STABLE READY TO USE 


Each lot of stain is tested against smears in our laboratories for correct 
differential staining, color balance and transparency. 





PAPANICOLAOU STAIN—PARAGON EA-36 


For general staining of vaginal and cervical smears and in endocrine 
studies. 


PAPANICOLAOU STAIN—PARAGON EA-65 
For staining smears containing much mucus as sputum, gastric and 
pleural fluids, ete. Similar to EA-36 but yielding better differentiation 
in the presence of mucus. 


PAPANICOLAOU STAIN—PARAGON OG-6 
The Orange G stain for use with EA-36 and EA-65 in the Papanicolaou 
technic. 


HARRIS HEMATOXYLIN—PARAGON (modified) 

For Papanicolaou Staining 
A modified ready to use Harris Hematoxylin Stain specially formulated 
for Papanicolaou staining. It yields a sharp blue nuclear stain with no 
staining of the cytoplasm. 
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PAPANICOLAOU STAINS—PARAGON are packed in two convenient sizes 
only, a 250 ¢.e. and a 500 ¢.c. bottle. 
500 c.c. 250 c.c. 


Name Catalog No. Bottle Bottle 

HARRIS HEMATOXYLIN—PARAGON (modified) PS1281 $2.25 
For Papanicolaou Staining PS1291 $1.50 

PAPANICOLAOU STAIN—PARAGON EA-36 PS1282 3.85 
PS1292 2.35 

PAPANICOLAOU STAIN—PARAGON EA-65 PS1283 3.85 
PS1293 2.35 

PAPANICOLAOU STAIN—PARAGON OG-6 PS1284 3.25 
PS1294 2.00 


&* &£#£eteeete & & HH HH 
All prices F.0.B. New York, New York, subject to change without notice. 
Manufactured exclusively by 


PARAGON C. & C. CO. INC., 2540 Belmont Ave., New York 58, N.Y. 


Cable address: Wijeno, New York 
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The Solution to Your 
Dermatologic Problems! 


DISEASES of the SKIN 


4 


RICHARD L. SUTTON, JR. 
A.M., M.D., F.R.S.(Edin.) 
lith Edition. 1479 pages, 1972 illustrations. 
Price, $29.50 


Here is assembled in one monumen- inquisitive practicing physician. The 








tal volume all the technical informa- 
tion necessary for understanding and 
management of dermatologic condi- 
tions. The various skin conditions 
discussed are emphasized in propor- 
tion to their incidence. In each situa- 
tion you are given the correct diag- 
nosis—then the treatment best suited 
to the condition is fully explained. 


It is comprehensive, yet condensed. 
The illustrations (1479 of them) are 
an atlas wherein all ordinary and 
many extraordinary dermatoses may 
be identified. The book includes fea- 
tures of a dictionary and an encyclo- 
pedia. It is a guide to what may be 
found in an extensive medical library. 
It is a systematization written by an 


THE C. V. MOSBY COMPANY 

3207 Washington Blvd., St. Louis 3, Mo. 
Gentlemen: 
is my check. {| Charge my account. 


order of presentation uses causation 
as a guide to classification. Concepts 
of disorders of the skin are tied with 
general medicine and biology. 


All known skin diseases, including 
the exanthems, are discussed and ade- 
quately indexed. Diseases are grouped 
by cause when this is known, and by 
morphology when it is not. The out- 
lines of therapy are practical, explicit, 
and comprehensive. 


What distinguishes this text is the 
level of writing. It is clearly a work 
of superb scholarship and deserves its 
reputation of being a classic not only 
in the field of dermatology but also 
among medical literature as a whole. 


Send me Sutton “DISEASES OF THE SKIN,” priced at $29.50. [] Attached 
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LW IMPROVED ALOE 


ELECTRIC MICROTCOME KNIFE SHARPENER 
FOR 





A KEENER EDGE IN LESS TIME 








BEFORE SHARPENING note 
ragged knife edge. 





FIRST HONING removes nicks 
and rough spots after only a 
few strokes on honing wheel. 





Less effort, too, in getting the keen, uniform edge 
you want. This new improved sharpener has heavy edge but © fine wie or buw 
duty ““T” guide holder that supports knife over the mars its keenness. 

full length up to 13 inches, greatly simplifying opera- 
tion. Holder is adjustable for differences of bevel 
required by various knives. 


COMPLETE HONING gives fine 


Special alloy honing wheel is powered by unusually 
quiet split phase 44 h. p. motor. Entire mechanism 











is enclosed in attractive gray finish rubber-footed AFTER STROPPING cutting 
metal housing with aluminum platform. Overall di- edge is smooth and even; uni- 





formly sharp. 





mensions: 1314%”x11”x9”. Operates on 115 volts A. C. 


For additional information, request Bulletin 20-105. 








IMPROVED STROP ASSEMBLY 
Standard equipment with the sharpener 











Strop removes small wire or burr left 

by sharpening. Puts final fine edge on 

knife. Assembly consists of high quality 

horsehide strop and linen finishing 

strop mounted on heavy metal frame 

ege equipped with thumb screws for ad- 
eloe sciemtiffic =| s655kincseury. — justing tension. 

ST. LOUIS 12. MQ. 60040—Aloe Electric Microtome Knife Sharp- 

DIVISION OF A. S. ALOE COMPANY ener, improved model as described, with 

adjustable strop assembly, 3 sticks assorted 

abrasive paste, one can of abrasive powder, 

Los Angeles, San Francisco, Seattle, Denver, Minneapolis, Pittsburgh, Kansas one can of special solvent, cord and plug. 
City, Dallas, New Orleans, Chamblee, Washington, Miami. Each $295.00 
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MAIN BUILDING 


Thoms GIVES YOU SUPERIOR SERVICE 





You deal with headquarters 
Competent technological staff on call. 
Orders filled promptly from vast warehouse. 


You draw on large stocks 
Three to six months supplies of 22,000 items 
—mostly prepackaged—in our stock for im- 
mediate shipment. 
Widest assortments of Corning, Kimble and 
Coors items available from any single source. 





You select from 1726-page 

catalogue and supplement 
An encyclopedic catalogue and supplement 
with factual, detailed descriptions—standard 
reference source throughout the free world. 


You save time and money 
Extensive pneumatic tube systems and con- 
veyors speed delivery of orders. 
More than 92% of orders shipped within two 
working days after receipt. 
Accurate invoices and packing lists. 
Substantial packing which keeps breakage 
to less than 1/20th of 1%. 
One-price policy which insures lowest prices to 
all buyers—advance quotations unnecessary. 


INVENTORY CONTROL 








You are assured of satisfaction 


Stocks carefully selected and continually in- 
spected for quality and performance. 
Prompt refund for any item found to be un- 


OeDte FLING CERIEe acceptable for any reason. _ SECTION OF SERVICE 
" DEPARTMENT 





— ARTHUR H. THOMAS COMPANY 


A.H.T.CO. 





LABORATORY APPARATUS | More and more laboratories rely on Thomas Laboratory Apparatus and Reagents 
VINE ST. AT 3RD ¢ PHILADELPHIA S&S, PA. 


Jour. of Lab. & Clin. Med. 





/ , , 
abongtory ¢ Supply “3 





speeding up a “normal” can be dangerous 


For the patient’s safety, a prothrombin con- 
trol plasma must give true normal values. 
Faster times lead to false interpretation of 
the prothrombin time test, since the clinician 
regulates anticoagulant therapy against the 
“normal.” Diagnostic Plasma Warner-Chilcott 
is the only commercially available prepara- 
tion which is controlled to give the same 
results as fresh pooled human plasma. Other 
control plasmas are artificially adjusted so 
that the prothrombin time is speeded up, and 
thus may become a source of danger to the 
patient. 


The Test of Safety. You can perform a simple 
test to demonstrate the superiority of Diag- 
nostic Plasma. First, take 3 vials of Diagnostic 
Plasma and run prothrombin time determina- 
tions on each in the usual way. 


Then repeat, using a sample of 3 fresh pooled 
human plasmas and 3 different vials of any 
other control plasma. Use the same thrombo- 
plastin preparation throughout. Only Diag- 
nostic Plasma gives the same values as fresh 
pooled human plasma, assuring valid inter- 
pretation of prothrombin times. We will be 
glad to send you 3 vials of Diagnostic Plasma 
to help you make this comparison. 

Simple to Use. Diagnostic Plasma provides 
you with a convenient supply of fresh normal 
human plasma, ready for use with just the 
addition of distilled water. It is now also 
being used in bacteriology laboratories in the 
coagulase test for the identification of patho- 
genic staphylococci. 

Available from laboratory supply distributors 
in boxes of 10 “no-waste” vials, $9.00. 


Diagnostic Plasma 


Pe a  - ee - -- 


NA RET EE AI Bir 


MORRIS PLAINS NJ 


WARNER-CHILCOTT 


Q 


oO Please send me, without charge, three vials 
of Diagnostic Plasma Warner-Chilcott. 





0 Please furnish name of nearest distributor. 


RAMt............. 
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VARIABLE-RES f 
for densitometry in paper electrophoresis 






Recording function electrically 
adjustable from linear to 
logarithmic and trans - 
logarithmic 


Sensitivity 
odjestable from 
10 to 200 millivolts 


Designed specifically te be wsed with scanning densitometers fer correctly- 
compenseted quentitetive evelvation of electrophoretic patterns on filter peper 


Write for Bulletin #1109 


Alse: Densitometers pH Meters Colorimeters 
Meters Electronic Photometers 
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LABORATORY 
TECHNIQUE 


THE GRADWOHL SCHOOL OF LABORA- 
TORY TECHNIQUE is an ethical school, 
manned by competent ethical physicians and 
technologists and enjoys a high rating among 
the medical profession. . . . Graduates placed 
in desirable positions since 1920. Gradwohl 
graduates are recognized as expert technicians. 
Course includes—Clinical Microscopy, Hema- 
tology and Blood Grouping; Serology; Applied 
Bacteriology; Basal Metabolism; Blood Chem- 
istry; Electrocardiography; Parasitology; Tissue 
Cutting and Staining and X-ray Technique. 


ENROLL NOW for priority. 12- 
month course; 6-month _intern- 
ship. Classes start Jan., 
March, July, Sept., Oct. 


37th Successful Year 


g 
SCHOOL OF 
LABORATORY 
TECHNIQUE 


Under the Personal Supervision of 
R. B. H. Gradwohl, M. D.; Sc. D., Director 
3514 Lucas Av. St. Louis, Mo. 
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hot air—at temperatures 
you can depend on 


No more worry about “hot”? and “‘cold” 
spots. This Castle heavy-duty Hot Air Steri- 
lizer has uniform temperatures throughout. 

Specially placed baffle-plates and circula- 
tion fan provide temperature accuracy of 
4°C. at any setting between 38°C. and 260°C. 
Temperature control is fully automatic. 

This good uniformity and wide range heip 
you get more precise and controlled results. 

Sterilizer built entirely of stainless steel. 
Heavy 22 gauge. Non-corrosive, heat resist- 
ant. Won’t warp or buckle. Will give you 
years of tough service, no matter what your 
load requirements are. 

Double stainless steel walls lined with 2” 
of rock wool. Inside size: 30” x 36” x 20”. 
Complete with 3 stainless steel shelves, 
heater, fan, and motor. 

Don’t go on depending on uneven sterili- 
zation when you can be sure. Phone your 
Castle dealer, or write for Bulletin Q-8. 


BACTERIOLOGICAL 
APPARATUS 
WILMOT CASTLE CO. 


1711K E. Henrietta Road 
Rochester, New York 
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Physicians know that in every pint of 
blood lie vital hidden treasures. 


(p===The AMERICAN RED CROSS knows 
\\ this, too. Through the Blood Program, li- 
[ ~ censed by the National Institutes of Health, 


7 it provides 


@ whole blood to hospitals served by 
the program 


@ blood for national emergencies 


@ blood derivatives to physicians and 

) hospitals... serum albumin, gamma 

waa | globulin, fibrinogen, fresh-frozen 
UF Wr plasma and packed red cells 


fa) ® crude fractions for research 


Encourage donors to expand the availa- 
bility of life’s most precious fluid by giving 
u \ blood wherever there are facilities for re- 
ceiving it. 
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LOOK. ,MA 
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Well, not really. What we mean is that 
when it comes to using the newly improved 
DETERMATUBES for serum transaminase 
there’s nothing to do in the way of prepara- 
tion of reagents except to add water. The 
original method of Karmen is retained with 
the reagents available as single test vials. 
Now, even the keto glutarate is supplied 
already. prepared and ready for instant use. 
No extra reagents to go bad. No chance for 
error in reagent preparation. DETERMA- 
TUBES are available for SGO and SGP 
transaminase as well as Lactic Dehydrogenase 
and Uricase. 
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Nessler Compound Paragon 


(Dry Granules) 


Benedict Compound Paragon 


Qualitative — Quantitative 


(Dry Granules) 
for the simplest method of preparing 


Nessler Solution which will not be 
affected by the amount of carbonates 
ordinarily present in sodium hydrox- 
ide. The granules and the resulting 
solution will remain stable for years. 


$1.90 per bottle (68 grams) sufficient 
for one liter of Nessler Solution, 
which is made by simply dissolving 
the contents of bottle in 10 per cent 
sodium hydroxide solution. 


Convince yourself by ordering Ness- 
ler Compound Paragon. Available 
for immediate delivery. 





You can now have perfect Bene- 
dict Solutions (qualitative or 
quantitative) for the determina- 
tion of sugar in urine by simply 
dissolving the granules in water. 
Packed in two convenient sizes: 


QUALITATIVE QUANTITATIVE 
P501—for 1 liter P611—for 1 liter 
P520—for 1 gallon P631—for 1 gallon 


Priced so that each qualitative 
test costs % of a cent, when pur- 
chased in lots of 12 gallons (1 
case); slightly higher when 
purchased in smaller quantities. 





Efficient Convenient Economical 


Manufactured exclusively by 


PARAGON C. & C. CO. INC., 2540 Belmont Avenue, New York 58, New York 
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Colorless ® Odorless © Non-Drying 
Non-Gumming ® Non-Corrosive 
Free from Solvent Action on Front Lens Cements 
Sold by all leading medical supply dealers 


TECHNI-PRODUCTS COMPANY 


P. O. Box 3284, W. Palm Beach, Florida 





W. are prepared to consider re- 
quests from professionally qualified inves- 
tigators for experimental quantities of 
vitamin E in the form of d-alpha-tocoph- 
erol or its derivatives. Address inquiries 
to: Dr. Norris D. Embree, Director of 
Research, Distillation Products Industries, 
Rochester 3, N. Y. (Division of Eastman 
Kodak Company). 
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research biochemicals? 


Let NUTRITIONAL BIO- 
CHEMICALS CORPO- 
RATION be the one answer 


to all your problems of 
quality, service, and econ- 
omy in the biochemical 
field. 





A COMPLETE SELECTION OF MORE THAN 
200 AMINO ACIDS AND PEPTIDES 
Typical Amino Acids 


Glutamine Ornithine, DL, L 
Homoserine Dopa, D, L, DL 
Homocysteine Asparagine, D, L, DL 
Histidine Serine, D, L, DL 


Valine, D, DL, L Phenylalanine, D, DL, L 
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LIVE FROGS for PREGNANCY DIAGNOSIS 


fera| Year ‘round supply of selected large, healthy, male frogs for latest pregnancy 
: ° test (99% accuracy). Cost negligible. Negative test animals can be used 
repeatedly. Results in less than two hours. Prompt shipment anywhere, by air 
to distant points. Prices include screened shipping crates and boxes. 





Frogs. With complete directions for use and care. Dozen -... 7.50 
Laboratory Tank with Cover 7.00 
Isolation Jar, 5” x 7” with weighted metal cover —~---~-~-----~_~ 3.50 


Frog pregnancy test kit, complete, 14 items including 
12 live frogs 35.00 


Rana pipiens Est. SSO! 1919 
NEW YORK SCIENTIFIC SUPPLY CO. - - - - 28 West 3Gth St., New York 1, N. Y. 


Headquarters for Live Frogs 
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RABBITS & GUINEA PIGS, ALBINO RATS & MICE 
RESEARCH SUPPLY COQ. 


2436 West York St. Philadelphia 32, Pa. 
SE 
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Send for price list. References furnished on request. 


J. E. STOCKER - Ramsey, N. J. * Phone: Davis 7-1064 
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Germantown, New York 
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HAMSTERS GUINEA PIGS RABBITS WHITE MICE AND RATS 
Satisfactorily shipped 1500 miles and more — Large supply 
For prices and information, write, wire, or phone 
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Phone 286 Established 1928 Scottdale, Pa. 
(near Pittsburgh) 
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XENOPUS LAEVIS FROGS X-L FEMALE FROG PREGNANCY 
exclusively TEST 


No Seasonal Variations 


Combines highest accuracy — economy — speed. 
Test so simple requires minimum of technician’s 
time using either urine concentrate or blood 
serum. No microscope work required or surgery 
of the animal. Write for literature. Animal cost 
per test 10¢ to 15¢. 


JAY E. COOK, Importer 
Cockeysville, Maryland, U.S.A. 

















HAMILTON LABORATORY ANIMALS, INC. 


Specialist in breeding of HLA Albino Rats and HLA Albino Swiss Mice. 
Prompt and efficient service. Dependable animals. 


Office: 200 Brotherhood Bldg., 1015 Vine St., Cincinnati 2, Ohio 








RABBITS GUINEA PIGS 
Developed and housed to insure best results in all types of tests 
Continuous supply and prompt shipment FOB Indianapolis 
PAUL HAMM RABBITRY R.R. No. 4 =Phone 530-W3 Greenwood, Ind. 














NATIONAL LABORATORY ANIMAL CO. 
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Reliable Animal for Significant Results 


PO Box 325b, Creve Cocur, Mo. Phone—~WYdown 3-6379 











December, 1957 Page 35 











Vi 


ij 


/ 
ig 
! oh 
a / (A 


Al 


az 





(See also pages 34, 35) 


Live Male Rana Pipien Frogs, Direct from the Farm 


Be sure of year round supply, at lowest prices and fastest service available. Orders delivered within 36 
hours after we receive them. 

Male Rana Clamitan Frogs and Buffo Americanus Toads available during summer months. 

Male Buffo Marinus Toads available, the year round. 

Animals guaranteed ry of disease and to arrive in perfect condition. 

Laboratory Manual [a with illustrations. A system of pregnancy testing using Male Toads and 
Frogs, by Edward H. Hon, M of Yale University. 

Iso reagents used in conducting pregnancy tests. 
For Information and prices, Phone or write: 


J]. R. SCHETTLE FROG FARM, INC. Stillwater, Minnesota — 











LABORATORY | $882 82224, "iuer sean 
ANIMALS Albino NZ Rabbits 


Hamsters an ALBINO FARMS 


a P. O. Box 331 
since 1929 | RED BANK, NEW JERSEY 














LABORATORY ANIMALS 


We are specializing in an excellent strain . 

of Albino Guinea Pigs—heavy in Hartley Dogs Rats Rabbits 
Blood Lines. Highly acclaimed by all Cats Pigeons Hamsters 
users. Also Webster Swiss Albino Mice . . . 
and Wistar Albino Rats. Mice Poultry Guinea Pigs 


JOHN C. LANDIS, Hagerstown, Maryland 














DAN ROLFSMEYER CO. 
ALBING RATS SWISS (ALBINO) MICE 


Price List on Request 


Route 3, Syene Read, Madison 5, ‘Vis. PHONE Alpine 6-6149 











ZEIMET BIO-FARMS 
DOCILE GUINEA PIGS © Derenp,zLe 


Route 4, Box 372 CHerry 9-4515 Madison 4, Wis. 
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X-RAY TECHNOLOGY 


by 











CHARLES A. JACOBI, Head, X-Ray Technology, 
Oregon Technical Institute, Oretech, Oregon, and 
DONALD E. HAGEN, Instructor, X-Ray Technology, 
Oregon Technical Institute, Oretech, Oregon. With 
Foreword by JAMES M. HILTON, M.D., Roentgenol- 
ogist and Course Supervisor, X-Ray Technology, Oregon 
Technical Institute. 


410 pages, 320 illustrations. Price, $9.75. 


Presents basic information and procedures to assist technicians on their own in the 


smaller hospitals and clinics and technicians of limited x-ray experience. 


selieving that the x-ray technician should understand the general principles of the 
working of the machine he operates the authors have included chapters on the 
principles of physics and electricity. In the chapters on positioning the authors 
related anatomy and physiology to the positioning because they believe that a com- 
plete knowledge of osteology and a substantial acquaintance with the remaining 


anatomy and physiology are the bases for developing a skillful, proficient technician. 


Written by practicing x-ray technicians it contains all of the necessary fundamentals, 


plus detailed information as to positioning. Even trouble shooting is covered. 


Positioning occupies a major portion of the book. Here are shown the most effective 
angles and positions for x-raying all areas of the body—the extremities, trunk, skull, 
and viscera. Preceding each of the major areas are chapters on anatomy and physi- 


ology related to such areas. 


THE C. V. MOSBY COMPANY Date 
3207 Washington Blvd. 
Si. Louis 3, Missouri 


Gentlemen: Send me Jacobi-Hagen “X-RAY TECHNOLOGY,” priced at $9.75. 


[] Attached is my check. [_] Charge my account. 


Las-12-57 
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KEY MAN AGAINST CANCER 











YOUR OFFICE, DOCTOR, is the “cancer detection center” which we urge all adults 
to visit once a year, and where early diagnosis of cancer can help save many thou- 
sands of lives. It is upon you that we largely rely for the carrying out of many 
aspects of our education, research and service programs. As members of our Boards 
of Directors — on the National, Division and Unit levels — it is your thinking and 
your guidance which are such vital factors in creating and executing our policies 
and programs. 

You, of course, are concerned with all the ills affecting the human body. The 
American Cancer Society deals specifically with cancer. But our mutual concern — 
the tie that binds us inextricably—is the saving of human lives. Through your efforts, 
we may soon say—“‘one out of every two cancer patients is being saved.” Indeed, 
with your help, cancer will one day no longer be a major threat. 


AMERICAN CANCER SOCIETY 


® 
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KLETT SCIENTIFIC PRODUCTS 


Klett-Summerson Photoelectric Colorimeters, Colorimeters, 

Nephelometers, Fluorimeters, Bio-Colorimeters, Comparators, 

Electrophoresis Apparatus, Glass Standards, Glass Cells, 
Klett Reagents 














THE KLETT-SUMMERSON 


PHOTOELECTRIC 
COLORIMETER 


a 


KLETT SUMNERSON | 


<CUINICAL MANUAL 





Developed with the requirements of 
routine colorimetric analysis particular- 
y in mind, but has found application in 
a variety of unusual analytical proce- 
dures as well. No logarithm tables or 
“calibration curves” on semilogarithmic 
paper required. The concentration of 
unknown is obtained directly from the 
scaie reading by simple calculation. 


$205 


KLETT 
BIO-COLORIMETER 


The visual color- 
imeter illustrated 
presents a num- 
ber of outstand- 
ing features mak- 
ing it ideal for 
clinical or re- 
search’ work. 
Built on the most 
modern mechani- 
cal and optical 
principles it is 
widely accepted 
for its accuracy 
and durability. $165 


Klett MANUFACTURING CO. 


179 EAST 87th STREET, NEW YORK, N. Y. 











Here’s an Rx every 
M.D. will O.K.! 





Doctors, lab 
technicians... 
everyone who has 
used a Veeder-Root 
Hand Tally or seen 
one operate, knows 
how much time is saved in taking differential 
or red and white count. Cupped comfortably 
and securely in either hand, other hand re- 
mains free for phone, slides, microscope or 
pencil work. Slightest pressure of lever reg- 
isters each count. To reset, just turn knob to 
zero. Once you’ve tried a Veeder-Root Hand 
Tally, you’ll wonder how you ever worked 
without one! 

QUICK FACTS — Single counter counts up to 
10,000. White figures, black background. 
($8.65 each.) 

DOUBLE COUNTER — Figures on one unit, 
white on black, other unit, red on white. 
Each unit counts up to 
10,000. ($19.60 each.) 
If not available from 


your Medical Supply A ; 
House, use coupon below. —_ ae 


® Veeder-Root ) 


“The Name That Counts” 
World’s Largest Makers of Counting Devices 






VEEDER-ROOT INCORPORATED | 
HARTFORD 2, CONN. | 

I 

| 


Please send me descriptive folder of Veeder-Root 
Hand Tally Counters, together with current prices. 


| 


Please send me.......... O Single Hand 


Tallies C.O.D. JL-12-7 
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Christmas! Lah! Humbug!” 


The man in the wheel chair leaned into the microphone. ‘‘Christmas!”’ he snarled. ‘Bah! 
Humbug!” And, as they had in Christmases past, millions of young listeners chilled at the 
mental picture of the baleful Scrooge. 

It was a Christmas institution, back in the Forties, this annual reading of Charles Dickens’ 
classic. Its reader was something of an institution himself. In his turbulent lifetime he had 
been an unsuccessful painter but a good amateur second-baseman, a composer whose music 
was played by the New York Philharmonic, and a model for Frederick Remington. 

To most people, though, he was Lionel Barrymore, the actor, and they loved him. 

He was both crusty and kindly (he loved reading “A Christmas Carol”), adventurous, 
stubbornly independent in thought and outlook. And game as they come. Although an 
accident in 1936 imprisoned him in a wheel chair, he went resolutely on—working in motion 
pictures and making public appearances for nearly twenty years more. 

No question but that Lionel Barrymore was one-of-a-kind. Yet the qualities so richly 
combined in him exist in a large measure among all the 170 million of us who call ourselves 
Americans. 

They’re why we are what we are, why our country is one of the strongest on earth. And 
why there is no wiser investment than an investment in America—through U. S. Savings 
Bonds, which guarantee the safety of your savings, up to any amount, and the rate of your 
return. Start buying Bonds today, through Payroll Savings or where you bank. And hold 
onto them! 


Now Savings Bonds are better than ever! Every Series E Bond purchased since February 1, 
1957, pays 3-'4% interest when held to maturity. It earns higher interest in the early years than ever 
before, and matures in only 8 years and 11 months. Hold your old E Bonds, too. They earn more 
as they get older. 

PART OF EVERY AMERICAN’S SAVINGS BELONGS IN U.S. SAVINGS BONDS 


The U. S. Government does not pay for this advertisement. It is donated by this publication in 
cooperation with the Advertising Council and the Magazine Publishers of America. 
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REFERRED BIOCHEMICAL ANALYSES 


Electrophoresis for Protein Fractionation, Lipoprotein Fractionation, Abnormal 
Hemoglobins; Catecholamine determinations for adrenaline and noradrenaline; 
Transaminase levels; Hormone Assays; Protein-Bound Iodine 
determinations; Toxicological Assays; Antistreptolysin-O Titers; 
and other difficult and time-consuming tests. 


Services available nationally by Air Mail. Shipping containers with vials available on request 
Write for: List of Services, Literature, and Containers 


CHEM-TECH LABORATORIES 


NALYTICAL-CLINICAL-RESEARCH 
236%-238% SOUTH ROBERTSON BLVD. BEVERLY HILLS, CALIFORNIA 





S. 1. DULKIN, PH.D. OTTO E. LOBSTEIN. PH.D 


— VIRUS AND RICKETTSIA — Complement Fixation —— 


LIPID AND ENZYME CHEMISTRY 
SPECIAL CHEMICAL PROCEDURES—P.B.I.—Mineral—Organic 


2 to 96 hour service anywhere in the USA—Fee Schedules and Information on Request 








Clinical Laboratory of San Bernardino 
955 “*D’”’ Street, P. O. Box 329, San Bernardino, California 
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automation finally brought to clinical chemistry 


Already in hospitals and laboratories the country over, the Technicon Autoanalyzer is 
doing jobs like those listed below with an accuracy, reproducibility, and dependability, 
which has users standing back in awe. The work goes faster, up to 60 tests-per-hour, 
better, accuracy is repeatable to approximately 1%, and cheaper, completely auto- 


matic; no human intervention or supervision. 


There's a brochure which explains the Autoana- 
lyzer principle, detailing operation and methods. 







For the thousand-and-one substances for which biological fluids 
are analyzed... blood glucose, blood urea nitrogen, calcium, 
alkaline phosphatase, chlorides, etc. Reproducibility, approxi- 
» mately 1%. Elapsed time-per-test, as little as one minute. 


Sampling by direct aspiration from circulatory (or other) system 
| of a living organ, with continuous analysis and recording of 





phenomena like rate absorption or excretion of drugs, changes in 
concentration levels of blood urea nitrogen, blood glucose, etc. 








an Only human participation is initial setting up of test. Autoanalyzer 
then takes over; introduces correct proportions of materials and 
reagents, passes them through the train of analytical events — 
mixing, dialyzing, separation, heating, color-measuring, etc. — 
records test results as logarithmic or easy-reading linear graphs, 
or on digital read-out tapes. Selectable choice of 20, 40, or 60 
separate tests-per-hour, depending on nature of test. Reproduci- 
bility, approximately 1%. 


usd, nalyzer 
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TECHNICON INSTRUMENTS CORPORATION 
Chauncey ° New York 
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gives you a “custom” laboratory 
with “standard” units. 








| 
| 
} 
| | 
I on ; 
| Add units as your needs increase. Here’s a con- 
HIHl) venient small laboratory or dark room. 
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This pathology lab uses “sitting-height” units 
for intensive instrument work. 
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Here are ready-made units, shipped from stock and 


installed by your own maintenance department, that 
give you all the advantages of a ‘‘made-to-order’’ 
laboratory at a ‘‘mass production’’ price! Order only 
the units needed now . . . add others as your needs 
expand. Choice of Kemrock, Formica or Stainless 


Steel tops. 


This Planning Guide 
shows you how 
26 pages of useful informa- 


tion to help you create a 
truly functional laboratory. 
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Fises 
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Immediately 
Available 
from Stock 











Here’s an answer to the smaii chemistry lab re- 
Wilk quiring liberal storage facilities in a small area. 





write for your copy 


120 Fisher Bldg., Pittsburgh 19, Pa. 


FISHER SCIENTIFIC 


America's Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 


IN THE U.S.A. Chicago 

Boston Cleveland 
B-21b Buffalo Detroit 

Charleston, W.Va; New York 
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